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1. GENERAL 

1.1 Requirements of Work 

.1 Supply, install, commission, provide Warranty and fully document a complete I&C system 
as shown on the Drawings and as specified herein.  The I&C system contains vendor 
component subsystems 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 

.5 Instrumentation cabling 

.6 Instrumentation power supplies 

.7 Conduit and cable tray 

.8 System marshalling panel with Uninterruptible Power Supply 

.3 The Contractor’s responsibility also includes receiving, uncrating, examining for shortages 
or damage, assembling, field fitting, installing, mounting, wiring and testing of vendor 
supplied component subsystems. 

.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 control 
functions.  Provide end-to-end Commissioning of all required remote monitoring and/or 
control functions.  Ensure the correct functionality of any equipment supplied under other 
Divisions of this Specification. 

.5 Documentation referred to in 1.1.1 to include as a minimum: 

.1 Equipment descriptive data 

.2 Equipment installation, service manuals, O&M Manuals and recommended spare parts 
lists 

.3 Schematics and interconnecting wiring diagrams 

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

.5 Instrumentation and control panel Shop Drawings, face layouts, schematics and 
point-to-point wiring diagrams 
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.6 Records of as-built information for the complete instrumentation system. 

.6 Documentation provided is formatted as follows: 

.1 Process and Instrumentation Diagrams (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 – an 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 – an 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 ILD – show typical interconnections and hook-up of devices.  The Contractor is to 
reproduce an ILD for each device and record all relevant as-built 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) CAD Drawings and associated files will be made available to the successful 
Tenderer.  Where an ILD is not shown for wiring of simple devices provide a legible 
sketch for as-built information. 

.6 Location Drawings – indicate in plan and 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 Definitions 

.1 Interpret specialized terms not explicitly defined herein in accordance with The ISA 
S51.1, NEMA ICS 1, ANSI/IEEE Std 100, and The Communications Standard 
Dictionary, by Martin H. Weik. 

.8 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. 
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Reference Title 

API RP550-86 Manual on Installation of Refinery Instruments and 
Control Systems, Part I--Process Instrumentation and 
Control Sections 1 Through 13 

ASME Section VII-89 Rules for Construction of Pressure Vessels 

ASTM B68-86 Seamless Copper Tube 

ASTM D883-89 Terms Relating to Plastics 

IEEE 100-88 Dictionary of Electrical and Electronic Terms 

ISA RP7.1-56 Pneumatic Control Circuit Pressure Test 

ISA RP12.6-87 Installation of Intrinsically Safe Systems for Hazardous 
(Classified) Locations 

ISA S5.4-76  Instrument Loop Diagrams 

ISA S18.1-79 Annunciator Sequences and Specifications 

ISA S51.1-79 Process Instrumentation Terminology 

NEMA 250-85 Enclosures for Industrial Controls and System 

NEMA ICS 1-88 General Standards for Industrial Control and Systems 

NEMA ICS 2-88 Industrial Control Devices, Controllers, and Assemblies 

NFPA 70-90 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 94-80 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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.9 Related Work 

.1 Process: Division 11 

.2 Electrical: Division 16 

.10 Qualifications 

.1 The Contractor 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 years. 

.2 Submit, in accordance with B10, a list of similar projects recently completed and 
resumes of the personnel proposed for the project.  Resumes shall include evidence of 
journeyman status and CET registration. 

.3 The instrumentation Subcontractor must be experienced in the process and instrument 
requirements of this Contract. 

.4 The Contractor must show that it maintains a fully equipped and qualified organization, 
capable of performing the present Work and of providing Warranty service to the 
system after installation. 

.5 Perform all instrument hook-ups, calibrations and checkouts with qualified journeyman 
instrument mechanics that are licensed and have CET registration.  Instrument 
mechanics must be familiar with the devices being installed. 

.6 Perform all control wiring installation and connections with qualified journeyman 
electricians. 

.11 Codes, Rules, Permits and Fees 

.1 Comply with all laws, ordinances, rules, regulations, codes and orders of all authorities 
having jurisdiction relating to this Work. 

.2 Comply with all rules of the Electrical Safety Act of the Province, CSA Standards, ULC 
and the applicable building codes, whether specifically shown on Drawings or not. 

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

.4 Furnish a certificate of final inspection and approvals from an inspection authority to 
the Contract Administrator. 

.12 Standards of Workmanship 

.1 Execute all Work in a manner which will result in the completed installation presenting 
an acceptable appearance, to a level of quality defined in the General Conditions of this 
Specification. 
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.2 Employ a competent supervisor and all necessary licensed tradesmen to complete the 
Work in the required time. 

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

.13 Install Products in accordance with the recommendations and ratings of the product 
manufacturers, unless otherwise specified or shown.  

.1 Supply and execute installation of all instrumentation control tubing in accordance with 
Division 17. 

.14 Contract Drawings and Specifications 

.1 Refer to Division 1. 

.2 Supply and install all items and accessories specified by the Drawings or the 
Specification in the quality and quantity required.  Perform all operations as designated 
by the Specification according to the methods prescribed, complete with all necessary 
labour and incidentals. 

.3 Treat any item or subject omitted from this Division's Specifications or Drawings, but 
which is mentioned or reasonably specified in other Divisions' Specifications or 
Drawings and pertains to the instrumentation and control system, as being integral to 
the overall system.  Provide such specified items or subjects. 

.4 Provide all minor items and Work not shown or specified but which are reasonably 
necessary to complete the Work. 

.5 If discrepancies or omissions in the Drawings or Specifications are found, or if intent or 
meaning is not clear, consult the Contract Administrator for clarification before 
submitting Bid. 

.6 The responsibility to determine which Division provides various products and Work 
rests with the Contractor.  Additional compensation will not be considered because of 
differences in interpretation of Specifications. 

1.2 Equipment 

.1 Submittals 

.1 After Award of Contract, submit an equipment list indicating the type and make of all 
equipment and materials proposed for theWork. 

.2 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 percent. 
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.3 Perform a preliminary examination upon delivery to ensure that: 

.1 All instrumentation and control components supplied for this project under this Section 
of the Specification comply with the requirements stated in the instrument specification 
sheets. 

.2 All instrumentation and control components supplied under other Sections of this 
Specification, to be connected to instrumentation and control components supplied 
under this Section of the Specification, comply with the requirements stated in the 
Contract Documents. 

.3 Itemize all non-conformities noted above and forward them to the Contract 
Administrator.  Any construction delays or extra costs resulting from delivery to the 
Site of non-conforming components are the responsibility of 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. 

.6 Return all damaged equipment to the factory for total corrective repairs.  If deemed 
necessary by the Contract Administrator, the damaged equipment shall be replaced with 
new Product.  The Contractor shall bear any costs due to construction delays resulting 
from the delay in delivery of acceptable equipment. 

1.3 Site 

.1 Classification of Plant Areas 

.1 Refer to Division 16 

1.4 Documentation 

.1 Submissions 

.1 Submit a schedule within 30 days of award of Contract to the Contract Administrator 
showing projected ordering and delivery dates of all products to meet the required 
construction schedule.  Provide all necessary information regarding ordering and 
delivery dates for whose delivery affects the construction schedule. 

.2 Submit Shop Drawings for all products supplied under this Division.  Submit Shop 
Drawings for review prior to delivery of any products or equipment to Site and 
sufficiently in advance to allow ample time for checking. 

.3 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: 
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.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, if indicated on the Drawing, 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 that, 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. 

.4 Stamp and sign the Shop Drawing to show approval, indicating compliance with the 
above-listed conditions.  If Contractor revisions are too extensive, return the submission 
to the supplier for revision, then repeat the Shop Drawing approval process before 
submitting them to the Contract Administrator.  

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

.6 Keep one (1) complete, maintained set of Shop Drawings at the jobsite during the 
construction period, record Site modifications. 

.7 Refer to Division 1 for further Shop Drawing requirements. 

.2 Operations and Maintenance Manuals 

.1 Refer to Division 1 for general O&M Manual submittal requirements. 

.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. 

.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 Maintenance and operating instructions for 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 operations and 
maintenance of his installation. 

.4 A copy of all wiring diagrams complete with wire coding. 
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.5 Set of final reviewed Shop Drawings. 

.3 Record Drawings 

.1 Maintain on-site a complete set of as-built Drawings as listed in Division 1 of this 
Specification. 

.2 In addition to the requirements as stated in Division 1, record on the Drawings the 
following information: 

.1 Mark all change orders, alterations or additions 

.2 Show all instrumentation cable and control tubing 

.3 Show 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 final completion certificate make any necessary final corrections 
to the 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 and Equivalent 

.1 Provide products and materials that are new and free from all defects. 

.2 Products and materials called for on the Drawings or in the Specifications by trade 
names, manufacturer's name and catalogue reference are those, which are to be used as 
the basis for the Bid. 

.3 The design has been based on the use of the first-named product, where applicable 
equivalent products are listed. 

.4 Provide the products specified unless a proposal for an alternative or substitute product 
has been accepted by the Contract Administrator. 

.3 Alternate Products  

.1 Refer to B6: Substitutes for consideration of alternate products. 

.2 Alternate products and materials to those specified will only be considered by the 
Contract Administrator if they are shown in the Bid as a material variation, and if they 
are submitted with an appropriate price adjustment.  The Contract Administrator will 
reserve the right to accept or reject any alternative without explanation. 
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.3 The alternate submission shall provide sufficient information to enable the Contract 
Administrator to determine whether the alternate is acceptable or unacceptable. 

.4 Provide complete information on required revisions to other Work and products to 
accommodate each alternate product. 

.5 The Contractor assumes full responsibility when providing alternate products or 
materials that all space, weight, connections, power and wiring requirements etc. are 
considered and compensated for.  Any costs incurred for additional components, 
changes to other services, structural or space requirements, layouts and plans, etc. that 
may arise from the use of the alternate to be borne by the Contractor. 

.6 Materials or equipment rejected by the Contract Administrator to be immediately 
removed from the Site. 

.4 Review of Products 

.1 Immediately after notification of award of Contract, review with the Contract 
Administrator the list of products to be provided by this Division 

.2 After agreement on product list has been reached, no subsequent changes will be 
permitted except as specified hereafter. 

.5 Substitution of Products After Contract Award 

.1 After acceptance of the list of products, no substitution of any item will be permitted 
unless the approved item cannot be delivered in time to comply with the Work 
schedule. 

.2 To receive acceptance, proposed substitute products are to equal or exceed the quality, 
finish and performance of those specified or shown, and not to exceed the physical 
space requirements allotted, as shown on the Drawings. 

.3 Provide to the Contract Administrator documentary proof of equality, difference in 
price (if any) and delivery dates, in the form of certified quotations from suppliers of 
both specified items and proposed substitutions. 

.4 Include costs for any required revisions to other structures and products to 
accommodate such substitutions. 

.6 Quality of Products  

.1 All products provided to be CSA Approved, and ULC approved where applicable. 

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

.3 Refer to Division 1 of this Specification for further information. 
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.7 Uniformity of Manufacture 

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

.8 Product Finishes 

.1 Products to be manufacturers’ standard finish.  Where special finishes are specified 
refer to Division 9 and Division 11 for details on quality and workmanship of the 
finishes. 

.9 Use of Products During Construction 

.1 Any equipment used for temporary or construction purposes to be approved by the 
Contract Administrator and in accordance with Division 1 of this Specification.  Clean 
and restore to "as new" condition all equipment prior to the time of substantial 
completion. 

.2 The warranty period does not begin until the date of Substantial Completion of the 
Work. 

2.2 Instrumentation 

.1 General 

.1 Instruments 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 protectors, 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 lamicoid nameplates 
with 5 mm white lettering on black 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 lamicoid 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 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. 
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.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 Site Examination 

.1 Refer to the requirements of Division 1. 

.2 No additional compensation will be given for extra Work due to existing conditions that a 
Site examination prior to Bid should have disclosed. 

3.2 Coordination With Other Divisions 

.1 Examine the Drawings and Specifications of all Divisions and become fully familiar 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 other Division's 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. 

3.3 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. 
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.2 Any damage to the products or installed Work shall be repaired or replaced by the 
Contractor at no additional cost to the City, and to the approval of the Contract 
Administrator. 

.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 Section of the 
Contract from all surfaces. 

3.4 Separation of Services 

.1 Maintain separation between the electrical wiring system, building 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 are not to 
be used for the support of wiring. 

3.5 Wire and Cable 

.1 Refer to Section 17124. 

3.6 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 suppliers of the equipment and make any corrections to 
the control wiring diagrams that may be required. 

.3 Provide power disconnect terminals in the marshalling panels for all devices or PLC/DCS 
input/outputs sourced from the panel. 

.4 Provide local power disconnect switches for all 120 VAC power instruments, mounted 
adjacent to the instrument. 

.5 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 WP junction box 
within approximately 3 m of cable from the transponder. 
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3.7 Wiring to Equipment Supplied By Others 

.1 Equipment supplied by the City or by other Divisions that have external or field-mounted 
control devices are to be installed, wired, and commissioned by this Division. 

3.8 Access Panels 

.1 Provide access panels where instrumentation and control 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.  The 
type and size of panels are to be coordinated with the Contract Administrator. 

.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. 

3.9 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 Provide additional corrosion inhibiting coatings on mounting stands in areas where 
aggressive chemicals are handled or stored. 

.3 Supply and install protective drip shields for any exterior stand-mounted instrumentation 
equipment.  Drip shields are to extend 50 mm past the front and side faces of the equipment.  
Drip shields are to be fabricated from aluminum. 

3.10 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 shall not contain any compounds that could 
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.  

3.11 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 walls, 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. 
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.3 Fill the space between the sleeve and the conduit with fire stop material.  Caulked 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. 

3.12 Connections to Mechanical, Electrical and Existing Systems 

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

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 Test all tubing for leaks in compliance with ISA RP7.1.  Isolate all instruments when tubing 
is being tested to protect against over pressure.  

.4 Perform tests and record results on test data forms, which are included in this Section.  
Develop additional or more detailed test forms as necessary to suit more complex 
instrumentation. 

.5 Sign and date all test reports.  Submit the test reports to the Contract Administrator within 
five working days of testing. 

.6 Coordinate and cooperate with City staff and the equipment suppliers to test control system 
I/O points during loop testing. 

3.14 Calibration 

.1 Instruments to be factory pre-calibrated and the calibration verified in-place after 
installation.  Provide a printed record of all factory calibrations including printouts of 
configuration 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 parameters, 
configuration, serial numbers, and assigned tag number. 

.3 Instrumentation is to be set up and calibrated by an accredited instrument technician working 
under the approval of the instrument manufacturer. 
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.4 Calibrate all instruments to an accuracy of 0.5 percent of full range, or to the manufacturer's 
stated accuracy of the instrument whenever an accuracy of 0.5 percent is not achievable. 

.5 Prior to instrument installation perform the following applicable calibration for each 
instrument and its associated signal conditioning equipment: 

.1 Calibrate all inline flowmeters by a draw-down test.  Where this is not possible, supply 
accurate portable test meter for on-line comparison. 

.2 Calibrate all density meters by lab samples. 

.3 Calibrate all vacuum and pressure instruments by manometer, deadweight tester, or lab 
quality test instrument and hand test pump. 

.4 Calibrate gas detectors using certified calibration gas samples. 

.5 Calibrate temperature instruments against a standard lab thermometer or certified 
temperature calibrator. 

.6 Calibrate, verify, and record all process variable signals connected to or originating 
from control valves, VFD, HVAC, or other equipment. 

.7 Perform tests and record results on calibration test data forms, which are included in 
this Section.  Develop additional or more detailed test forms as necessary to suit more 
complex instrumentation. 

.8 Sign and date all test reports.  Submit the test reports to the Contract Administrator 
within five working days of testing. 

3.15 Commissioning 

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

.2 Inspections 

.1 Provide two 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 

.2 During Commissioning demonstrate to the Contract Administrator proper calibration 
and correct operation of instruments and gauges  

.3 Commissioning of the instrumentation and control system to include but not be limited to the 
following. 

.1 Installation of components, wiring connections, and piping connections. 

.2 Wiring continuity and pipe leak tests. 
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.3 Verify instrument calibration and provide written report. 

.4 Function check and adjust under operational conditions the instruments and control 
equipment. 

.5 Coordinate instruments and control equipment supplier's service personnel as required 
for complete system testing. 

.6 Instruct plant personnel in correct method of operation of instruments and control 
equipment. 

.7 Direct plant personnel at handover as to final adjustment of the system for correct 
operation of plant. 

.8 Ensure that the instrumentation and control equipment suppliers cooperate to complete 
the Work of this Section. 

.9 Verify signal levels and wiring connections to all instrumentation and control 
equipment. 

.10 Coordinate and cooperate with City staff and the equipment suppliers to commission 
control system I/O points during equipment Commissioning. 

3.16 Training 

.1 Provide training, described in detail in Division 1, as required by the plant's personnel to 
become fully competent in the proper operation and maintenance of all control devices, 
control valves, and ancillary instrumentation described under this Section of the 
Specification. 

3.17 Test Forms 

.1 ITR: Instrument Test Report 

.2 LCR: Loop Check Report 
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LOOP CHECK REPORT  CHECKED OUT OK 

    NOT APPLICABLE 

    FURTHER ACTION REQUIRED 

 

   INSTRUMENT TAG NO. 

LOOP NO.   ___________ 
SHEET NO. ___________ 
P&ID 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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INSTRUMENT TEST REPORT 

SYSTEM:  __________________________________________ 

SERVICE:  ____________________________________ 

LOCATION:  ___________________________________ 

MAKE:  _______________________________________ 

SERIAL NO.:  __________________________________ 

ELEMENT:  ___________________________________ 

DESIGN SETTING/RANGE:  _____________________ 

SIGNAL IN:_______________ OUT:________________ 

INSTRUMENT CONDITION: _____________________ 

PROJECT NO.:________________________________ 

    

TAG NO._________________________________________________ 

               _________________________________________________ 

MODEL:  _________________________________________________ 

CSA:        _________________________________________________ 

RANGE:  _________________________________________________ 

CONTACT TO: __________________ ON:  _____________________ 

ASSOCIATED INSTRUMENT:  ______________________________ 

CONFORM TO SPEC:  _____________________________________ 

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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END OF SECTION 
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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 Excluded 

.1 City forces will provide Distributed Control System (DCS) software configuration. 

.3 Work included 

.1 Related Work 

.1 Supply and installation of instrumentation and control equipment including all 
ancillary equipment and connection of all new instrumentation and equipment to 
the existing DCS. 

1.2 General Requirements 

.1 Shop Drawings 

.2 As-Constructed Drawings 

.3 Operating and Maintenance Data 

1.3 General Scope of Work  

.1 Supply, install, test and commission all instrumentation, mounting brackets, mounting 
stands, termination cabinets, wire, cable, conduit, and other materials covered under 
Division 17. 

.2 Coordinate with process equipment vendors to install, test and commission the new flow 
control valves.  

.3 Supply and install new DCS I/O hardware and I/O termination components if necessary to 
accommodate new I/O requirements.  All DCS hardware components shall be purchased 
from ABB Inc. to ensure compatibility with existing system hardware.  

.4 Coordinate with and assist the City during the DCS commissioning for the new Works. 

1.4 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 and start-up. 

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

2.1 Materials 

.1 Provide instrumentation system components in compliance with applicable Sections of this 
Specification. 

3. EXECUTION 

.1 Not used 

END OF SECTION 
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1. GENERAL 

1.1 References - General 

.1 Suppliers, equipment, products, and execution must conform to all requirements of Section 
17010. 

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 EEMAC Type 1A gasketted 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 in corrosive atmospheres to be EEMAC 4X approved for the classification (e.g. 
grit tank room). 

.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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.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 panel fabricator. 

.4 Marshalling and control panels shall be adequately sized to facilitate a professional, 
uncluttered arrangement.  Provide adequate internal and external space to accommodate a 
20 percent increase in each type of component used.  Allow space for future installation of at 
least one additional PLC or DCS rack as appropriate. 

2.5 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 Refer to Division 16 for cable routing requirements. 

.2 Tag each wire at both ends with a heat shrink sleeve that is machine printed. 

.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 wireways such as Panduit.  Size all wireways so that the 
total cross sectional area of the insulated wire and cable does not exceed 40 percent of the 
cross sectional area of the wireway. 

.5 Provide a minimum clearance of 40 mm between wireways 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 terminal number appended to it. 
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.2 Identify every joint and terminal of the above wire run with the same identifier until the 
wire meets another tagged device, at which point the wire identifier will change to use 
the new device name and terminal number. 

.3 For example, pressure transmitter K4-PT-100A located in the field has a 2CTPSH cable 
connected to it.  The cable runs through a junction box to a marshaling panel.  The wire 
identifiers for the pair of wires would be K4-PT-100A all the way to the marshalling 
panel. 

.4 Identify spare wires by using the destination identifier, i.e. the location and terminal 
identifier of the opposite end of the wire are combined to form the wire tag. 

.7 Provide a 120 VAC panel power distribution system and a 24 VDC power distribution 
system in each panel.  Provide additional power supplies within each cabinet as required to 
accommodate installed devices.  Provide a thermal magnetic circuit breaker on each main 
power circuit and a fused terminal block for each branched circuit off the main.  Where two 
or more 120 VAC circuits are specified for a marshalling or control panel, one circuit shall 
be dedicated to the UPS system supplying control circuits, one circuit shall be dedicated to 
panel lighting and utility receptacle, and remaining circuits are either spare or as noted on 
the Drawings. 

.8 Provide disconnect type terminal blocks Wieland WK4TSK/U type to isolate field wiring 
that is powered sourced from the panel. 

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

.10 Terminals shall be Wieland Type WK4/U. 

.11 Provide nameplates for each device on or within the panels and enclosures.  Nameplates 
shall be black lamicoid with white lettering, a minimum of 25 mm 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. 

.12 All conductors entering a panel and all installed PLC and/or DCS I/O points must be 
terminated at terminal blocks and spares must be appropriately labeled.  Terminal blocks 
shall be grouped according to I/O type and I/O card number.  Each I/O point shall be 
individually fused with blown-fuse indicators and analog loops shall contain a disconnect 
type terminal block for testing purposes. 

2.6 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. 
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.3 Provide in each marshaling 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 backpanels 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, Part 3. 

3.2 Mounting Heights 

.1 Unless otherwise specified or a conflict exists, mount all panels, starters and disconnects 
2000 mm to top of cover. 

END OF SECTION 
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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 connecting equipment. 

1.4 Standards 

.1 All wire and cable shall be CSA approved. 

2. PRODUCTS 

2.1 Twisted Pair Shielded Cables (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 percent 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. 

.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 RTD And Multi Conductor Shielded Cable 

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

.1 Three or more copper conductors, stranded, minimum #18 AWG. 
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.2 PVC insulated for 600 V. 

.3 100 percent 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 Conform to  Division 16. 

2.4 Wire 

.1 Conform to Division 16. 

2.5 Fiber Optic Cables 

.1 Provide fiber optic cable assemblies where indicated in the Specification and Drawings. 

.2 Fiber optic cables shall be constructed with specified quantity of 62.5/125 µm multi-mode 
glass fibers with individual and overall PVC jacket, spiral interlocked armour, and outer 
PVC jacket FT4 rated. 

.3 Provide terminations for fiber optic cables including; buffer tube fan out kits, connectors, 
termination panels, and wall mount enclosure. 

.4 Provide fiber optic jumpers 62.5/125 µm multi-mode for inter-cabinet connections. 

3. EXECUTION 

3.1 Analog Signals 

.1 Use TPSH cable for all low level analog signals such as 4-20 mA, 1-5 VDC, 0-10 VDC, 
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 control system RTD 
inputs. 

3.2 Digital Signals 

.1 Use TPSH cable for all 24 V and below input and output signals to the control system. 

.2 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. 
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3.3 Installation 

.1 Install instrumentation cables in conduit systems or in cable trays.  Use a minimum of 
300 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.  Where splices are required, 
obtain approval from the Contract Administrator prior to installing the cable. 

.5 Where splices are necessary in instrumentation cables other than coaxial cables, perform 
such splices on terminal blocks in terminal boxes.  Keep splices in instrumentation cable to a 
minimum and separated physically from power circuits.  Cable shields shall be terminated 
on insulated terminals and carried through to the extent of the cable. 

.6 Where splices are made to coaxial cables, use standard coaxial cable connectors. 

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

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

3.4 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 Terminations of fiber optic cables shall be performed by factory trained technicians with 
appropriate tools and testing equipment. 

3.5 Testing 

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

.2 Test all fiber optic cables and terminations for signal integrity and manufacturer’s 
specifications. 

3.6 Identification 

.1 Identify all instrumentation cables. 
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.2 Identify each conductor with wire numbers using a machine printed heat shrink wire marker, 
similar to Raychem TMS or equivalent. 

END OF SECTION 
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1. GENERAL 

1.1 References - General 

.1 Refer to Section 17010. 

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 to be 
powered from the marshalling or field device panels.  Power supplies to be Hammond 
or G.F.C., or equal, complete with an overvoltage 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. 

.3 Power supplies and transmitters feeding circuits that run in non-armoured 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 percent, and set to provide 26.4 V on the panel direct current bus.  Size the 
power supply for two times the connected load, minimum size is 2 A. 

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 a UPS in each panel to power the control system equipment including the control 
system I/O field power.  All UPS systems shall be true on-line types, switching types will 
not be accepted. 

.2 All UPS systems shall include automatic bypass feature that will pass utility power to the 
load(s) in the event of internal system failure.  The UPS system shall also provide the 
capability of manually initiated bypass. 

.3 Provide a UPS for each computer workstation.  Connect the workstation and its associated 
peripherals such as network concentrators, printers, etc. to the UPS. 
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.4 Size the UPS standby capacity for 30 minutes at full load rating of the connected equipment. 

.5 Provide on-line units from Exide, Oneac, Toshiba or Best. 

3. EXECUTION 

3.1 References - General 

.1 Refer to Section 17010, 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 Controls 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. 

.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  

.1 Not used 

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. 

2. PRODUCTS 

2.1 Transmitters and Indicators 

.1 Provide transmitters and indicators as specified on the Instrument Specification Sheets of 
Section 17701. 

.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. 

.3 All transmitters to have local indication scaled in engineering units as specified in the 
engineering 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 Provide remote indicators similar to Action Instruments model V560 for use in unclassified 
areas.  Action Instruments model V560-EP for use in Class 1 areas is acceptable. 

.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.   

3. EXECUTION 

3.1 References  - General 

.1 Refer to Section 17010. 

END OF SECTION 
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1. GENERAL 

1.1 References - General 

.1 Refer to Section 17010. 

2. PRODUCTS 

2.1 General 

.1 Use normally closed contacts for alarm actuation which 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 electromagnetic 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 
barrier will not permit process fluids into electrical enclosures. 

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

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. 

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

.3 Enclosures to be as specified under Section 17110. 

2.3 Relays 

.1 The quality and type of relays shall be based on Omron types. 

.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 Model H3BA, 2PDT, plug-in, and 
programmable for 16 time ranges and 4 operation modes. 
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.5 Time delay relays for flush panel mounting and operator accessible timing range 
modifications to be Model H5BR, SPDT, screw terminals, programmable for 5 timing 
ranges and 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. 

3. EXECUTION 

3.1 References - General 

.1 Refer to Section 17010. 

END OF SECTION 
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1. GENERAL 

1.1 References - General 

.1 Refer to Section 17010. 

2. PRODUCTS 

2.1 Signal Conditioning Modules 

.1 Where required, provide signal conditioning modules which comply with the following 
requirements, unless otherwise specified: 

.1 Analog signal inputs: 4-20 mA DC into 500 ohms 

.2 Analog signal outputs: 4-20 mA DC into 500 ohms 

.3 Discrete output contacts: SPDT rated 5A  

.4 Arrange electronic trips so that output contact opens in case of loss of signal or loss of 
power supply. 

.5 Modules to be rated for continuous operation in an ambient temperature of 0 to 80°C.  
Ambient temperature effect not to exceed plus or minus 0.01 percent per degree C 
within that range. 

.6 Span and zero adjustments to be made by front accessible multi-turn potentiometers or 
keypad. 

.7 Provide electronic trip modules with LED indicators for relay status. 

.8 Modules to withstand 30 V per metre radio frequency radiation between 200 and 
500 MHz with not more than 0.25 percent calibration effect.  Provide modules with 
traps on the terminals to shunt conducted radio frequency interference to ground. 

.9 Galvanically isolate signal and power supply terminals from the case. 

.2 All modules specified in this Section to be the product of a single manufacturer. 

2.3 Current to Pneumatic (I/P) Converters 

.1 Not used 
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SIGNAL CONDITIONING MODULES 

  

3. EXECUTION 

3.1 References - General 

.1 Refer to Section 17010, Part 3. 

END OF SECTION 
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PANEL INSTRUMENTS 

  

1. GENERAL 

1.1 References - General 

.1 Equipment, products and execution shall conform to Section 17010. 

2. PRODUCTS 

2.1 Electronic Panel Instruments 

.1 Provide panel instruments with the following requirements, unless otherwise specified: 

.1 Analog instruments to be miniature-case drawout type nominally 150 mm high by 
75 mm wide by not more than 350 mm deep. 

.2 Make the operator, tuning and configuration adjustments accessible without 
disconnecting the instrument from the process. 

.3 Analog signal indicators to be solid-state, LED or gas-discharge type, including 
bar-graph displays with not less than 200 segments.  Backlit LCD indication is also 
acceptable. 

.4 Analog signal inputs to be 4-20 mA VDC. 

.5 Analog signal outputs to be 4-20 mA VDC into 500 ohms. 

.6 Galvanically isolate the signal and power supply from the instrument case. 

.2 Panel instruments specified in this Section are to be the product of a single manufacturer, 
and to match and line up to form an integrated appearance and operator interface strategy. 

3. EXECUTION 

3.1 References - General 

.1 Refer to Section 17010. 

END OF SECTION 
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MISCELLANEOUS PANEL DEVICES 

  

1. GENERAL 

1.1 References - General 

.1 Equipment, products and execution must meet all requirements of Section 17010. 

2. PRODUCTS 

2.1 Miscellaneous Panel Devices 

.1 Pilot Lights 

.1 Provide LED 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 
unless otherwise depicted elsewhere.  Refer to Division 16 for additional information 

.2 Terminals 

.1 Provide 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 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 Provide a group of terminals for each of 120 VAC 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 Provide Weidmuller disconnect type terminal blocks for each load or loop powered 
from the marshalling panels. 

.3 Nameplates 

.1 Refer to Section 17010 for nameplate Specification. 

2.2 Signal Current Isolator 

.1 Isolator to provide galvanic isolation of milliampere transmission signals from transmitters 
with inadequately isolated output circuits. 
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MISCELLANEOUS PANEL DEVICES 

  

.2 Isolator to 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 to be 4 to 20 mA, with an error not exceeding 0.1 percent of span.  
Input resistance will not exceed 550 ohms with an output load of 250 ohms.  

.4 Isolator to be Moore Industries. 

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, P+F ZG 
series, or 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 Switches shall comply with IEEE 802.3, 802.3u, 802.3x, 802.1D. 

.2 Switches shall include a minimum of 6 10/100 Base T(x) RJ45 Ports and 2 multimode 100 
Base FX Fiber ports. 

.3 Switches shall include one (1) relay output alarm contact rated for 1 A at 24 VDC. 

.4 Input power shall be capable of ranging from 9 to 32 VDC with redundant inputs. 

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

.6 Switches shall be Eagle Technology ED6008 Series or approved equal. 

2.5 NTSC Fiber Transmitters/Receivers 

.1 Models shall have a minimum of four (4) NTSC compliant channels and one (1) multimode 
fiber channel. 

.2 Transmitters and receivers shall be supplied with a regulated switching power supply with a 
120 VAC input. 

.3 Transmitters and receivers shall be Pelco FT8304MSTR and FR8304MSTR respectively. 
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MISCELLANEOUS PANEL DEVICES 

  

3. EXECUTION 

3.1 References - General 

.1 Refer to Section 17010, Part 3. 

END OF SECTION 
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1. GENERAL 

1.1 General Requirements 

.1 Provide interconnecting wire, cable, and conduit as required to interface the new inputs and 
outputs associated with the new grit tank aeration system with the existing DCS as defined 
herein and Section 17600 DCS I/O Index. 

.2 The existing Field Device Panel and DCS termination cabinet(s) are located in the existing 
grit building control room where shown on the Drawings. 

.3 Cooperate with other contractors, the Contract Administrator, and City staff to complete the 
interface of the new grit tank aeration equipment with the existing DCS. 

.4 Assist with the start-up and commissioning of the complete control system and associated 
field devices and wiring. 

2. PRODUCTS 

2.1 ABB INFI 90 Termination Cabinet and I/O Hardware 

.1 General 

.1 All new control system equipment to be based on the ABB Harmony family as 
applicable (no substitutions allowed). 

2.2 System Integration Requirements 

.1 Cooperate and coordinate activities with other contractors, City staff, and the Contract 
Administrator to facilitate installation, testing, and commissioning of the grit tank aeration 
system. 

.2 Control system logic configuration shall be done on the existing Plant DCS system by City 
personnel. 

.3 Assist the City and equipment vendor to establish interface between the new instrumentation 
and the existing DCS.  Assist in the testing of all new system inputs and outputs. 

.4 All equipment testing and commissioning responsibilities must be carried out while at the 
same time maintaining the Plant DCS.  Any equipment outage requirements are to be kept to 
a minimum and are to be scheduled with the Contract Administrator prior to implementation. 
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 CONTROL AND OPERATOR INTERFACE REQUIREMENTS 

  

3. EXECUTION 

3.1 Performance – General 

.1 Refer to Section 17010, Part 3. 

3.2 Installation 

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

.2 Provide all necessary documentation to define the control system including details for all 
hardware. 

.3 Commission and start up the system as defined herein. 

.4 Provide all documentation and training as defined herein. 

.5 Maintain existing plant operation during entire duration of the Work.  Refer to the 
requirements of Division 1. 

END OF SECTION 
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DCS INPUT/OUTPUT INDEX 

  

1. GENERAL 

1.1 References - General 

.1 Refer to Section 17010. 

1.2 DCS I/O Index 

.1 The following spreadsheet gives an itemized list of the I/O between the DCS 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 

.1 Not used 

3. EXECUTION 

.1 Not used 
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INSTRUMENT INDEX 

  

1. GENERAL 

1.1 References - General 

.1 Refer to Section 17010. 

1.2 Instrument Index 

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

2. PRODUCTS 

.1 Not used 

3. EXECUTION 

.1 Not used 
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INSTRUMENT SPECIFICATION SHEETS 

  

1. GENERAL 

1.1 Description 

.1 The Work includes the provision of all Instrument Specification Sheets. 

.2 Refer to Section 17010 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 ISA Standard S20 as a template for the preparation of the 
specification sheets. 

2. PRODUCTS 

.1 Not used 

3. EXECUTION 

.1 Not used 
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INSTRUMENT SPECIFICATION SHEETS 

  

INSTRUMENT SPECIFICATION 
NO.: 

I101 

DEVICE: Gauge Pressure Transmitter  

TAG: G515 - PIT 

SERVICE: Grit Tank Process Air 

PROCESS CONNECTIONS: ½ inch NPTF 

CALIBRATED RANGE: 0 – 100 kPa Gauge 

INACCURACY: ±0.5 % of span or lower 

OUTPUT: 4 to 20 mADC into 500 ohm or more 

COMMUNICATION: Hart 

POWER SUPPLY: Loop powered 24 VDC 

CONSTRUCTION: Stainless steel wetted parts 

ELECTRONIC ENCLOSURE: NEMA 4X 

ACCESSORIES: Stainless steel block and bleed manifold 

Universal mounting bracket 

ACCEPTABLE 
MANUFACTURERS:  

Rosemount 
ABB 
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INSTRUMENT SPECIFICATION SHEETS 

  

INSTRUMENT SPECIFICATION 
NO.: 

I102 

DEVICE: Thermal Mass Air Flow Element and Transmitter 

TAG: G516 – FE/FIT                     G518 – FE/FIT 
G517 – FE/FIT                     G519 – FE/FIT 

SERVICE: Process air flow to grit tanks 

PROCESS PIPING: 300 mm, refer to process drawings for details. 

PROCESS PRESSURE: 40 to 70 kPa 

PROCESS TEMPERATURE: 70°C to 120°C 

CALIBRATED RANGES: Refer to Distributed Control System Input/Output List. 

OUTPUTS: 4-20 mADC Flow rate into 500 OHM or more. 
4-20 mADC Temperature into 500 OHM or more. 

COMMUNICATION: Hart 

DISPLAY: Digital multi-function display 

POWER SUPPLY: 120 VAC, 60 Hz, 1 Ph 

CONSTRUCTION: Stainless steel wetted parts 

ELECTRONICS ENCLOSURE: Remote surface mount NEMA 4X with Class 1, Zone 1 certification
Sensor requires Class 1, Zone certification. 

MOUNTING: Direct insertion sensor with hot-tap kit and remote surface mounted 
transmitter. 

ACCESSORIES: Sensor mounting kit, Universal transmitter mounting bracket, 
Sensor signal extension cables with approximate lengths as noted 
(confirm lengths on site); 
                                         20 m – G516 and G518 
                                           3 m – G517 and G519 

ACCEPTABLE 
MANUFACTURERS:  
 

Kurz 
ABB 
Thermal 

END OF SECTION 
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INSTRUMENT LOOP DRAWINGS 

  

1. GENERAL 

1.1 References - General 

.1 Refer to Section 17010. 

1.2 Instrument Loop Drawings 

.1 The following Drawings show typical instrument loop wiring diagrams.  One (1) Drawing 
per loop will be completed and submitted for approval after award of Contract.  The 
following 3 Drawings are an integral part of this Specification Section: 

ILD-01 Typical Loop Powered Pressure Transmitter 
ILD-02 Typical Thermal Mass Air Flow Transmitter 
ILD-03 Typical Motorized Valve Actuator 

2. PRODUCTS 

.1 Not used 

3. EXECUTION 

.1 Not used 
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	1. GENERAL
	1.1 Description of Work
	.1 The Work to be performed under this Contract shall include the labour, equipment, and materials required to complete the baffles and air supply system components of the Grit Handling Upgrades for the North End Water Pollution Control Centre (NEWPCC) in Winnipeg, Manitoba, all as specified in the Contract Documents.
	.2 The Work includes, but is not limited to, the following elements:
	.1 Internal Baffles within all four (4) Grit Removal Tanks
	.1 Construction of new longitudinal fibre-reinforced plastic (FRP) baffles with associated supports.
	.2 Construction of new transverse FRP baffles with associated supports.
	.3 Extension of the inlet baffles to the tank floor using FRP.
	.4 Demolish all existing baffles located between existing grit removal and pre-aeration sections.

	.2 Air Supply System Upgrade
	.1 Replace aeration headers and diffusers for four tanks
	.2 Modify existing air supply piping.
	.3 Install one air flow transmitter and one air flow regulating butterfly valve for grit removal sections of all four tanks.
	.4 Install one air flow transmitter on the common line to Tank 1 and Tank 2
	.5 Install one air flow transmitter on the common line to Tank 3 and Tank 4.
	.6 Installation of one pressure transmitter on the common line to all four tanks.

	.3 Handrail Upgrade
	.1 Add a painted galvanized steel handrail to replace existing chain handrail.
	.2 Add kickplates to existing fixed handrails.

	.4 Control System Upgrade
	.1 Upgrade, additions, and modifications to the electrical supply system and services as detailed in Division 16 Electrical Scope of Work.
	.2 Upgrades and modifications to the Distributed Control System (DCS) to accommodate the new control elements.

	.5 Others
	.1 Modifications to the walkway covers to accommodate the installed air flow transmitters and control valves.
	.2 All other auxiliary equipment, structures, and systems required to complete the Work.



	1.2 Coordination
	.1 Cooperate and liaise with other contractors, utility agencies, City employees or their appointed representatives if applicable, in order to make appropriate working arrangements to ensure satisfactory execution and timely completion of the Work.  
	.2 Attend coordination meetings, as directed by the Contract Administrator, when the Contract Administrator considers that they are necessary for ensuring the sufficiency of the liaison and cooperation with other contractors.  The Contractor shall be deemed to have allowed in his Total Bid Price for any interference to his operations, which may result from any of the above.  The Contractor must also take all precautions necessary to ensure that there are no hindrances or delay in any way the progress of these other parties or cause damage to their completed Work.
	.3 Traffic flows to and within the NEWPCC must not be impeded unless prior arrangements are made with the City of Winnipeg and other construction projects on the NEWPCC.

	1.3 General Sequence of Construction
	.1 The following sequence of construction does not encompass all items of this Contract.  It is only intended to draw the Contractor's attention to major milestone events which must be completed before subsequent steps are started.
	.2 This Contract includes tank baffle installation, air supply system upgrade, and their associated work. 
	.3 Sequence of construction
	.1 Close sluice gates to shut down flow to Tank 3 and Tank 4 while maintaining operation of Tank 1 and Tank 2.
	.2 Close the manual valve on the common air supply line to Tank 3 and Tank 4 to stop the air supply and empty Tank 3 and Tank 4.
	.3 Replace the aeration headers for Tank 3 and Tank 4.
	.4 Modify the common air supply pipe and install the air flow transmitters and regulator valve for Tank 3 and Tank 4.
	.5 Construct the longitudinal baffle and transverse baffle for Tank 3 and Tank 4.
	.6 Extend the existing inlet baffle to the tank floor for Tank 3 and Tank 4.
	.7 Conduct process commissioning and put Tank 3 and Tank 4 back in operation.
	.8 Close sluice gates to shut down flow to Tank 1 and Tank 2 while maintaining operation of Tank 3 and Tank 4.
	.9 Repeat above steps 2 to 7 to complete the same work for Tank 1 and Tank 2.


	1.4 Contractor Use of Premises
	.1 Generally restrict operations to the designated Construction and Contractor laydown areas indicated on the Drawings.  With the exception of performing control system Work, access to the NEWPCC will not be permitted.
	.2 The City will make reasonable efforts to accommodate the Work of the Contractor.  However, at least two grit removal tanks must remain in operation throughout the Construction period.  
	.3 Obtain written authorization from the respective landowners to enter private lands, which will be the subject of temporary working easements. Obtaining temporary working easements will be the responsibility of the Contractor.
	.4 Ascertain and abide by conditions pertaining to the use of temporary working easements or rights-of-way.
	.5 Obtain and pay for use of additional storage, access, or work areas needed for Work under this Contract.

	1.5 Completion Dates
	.1 Time and all time limits stated in the Contract Documents are of the essence of the Contract.  The Contractor shall perform his Work expeditiously and with adequate forces to achieve the completion dates.


	2. PRODUCTS
	.1 All of the material and equipment for installation for this project is being supplied under City of Winnipeg Bid Opportunity 178-2007.

	3. EXECUTION
	.1 Not used
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	1. GENERAL
	1.1 Site Conditions and Limits
	.1 Examination of Site
	.1 Prior to commencing actual construction Work, inspect field conditions, obtain and confirm actual Site dimensions, and examine surface conditions as required to ensure correct execution of the Work.
	.2 Maintain or arrange for the removal, relocation, and replacement as appropriate of any existing utilities, which may be affected by the Work.
	.3 Arrange for the removal, relocation, and replacement as appropriate, of process piping, equipment, electrical conduit, and concrete pads and supports.
	.4 Arrange for the process bypass for the grit tanks, if required, to ensure that operating tanks are not hydraulically overloaded.
	.5 All Work requiring heat sources within a classified area must be reviewed and eliminated or moved outside the classified area.  All hot work (i.e., welding) must have a permit issued prior to any work commencing in a classified area
	.6 Arrange for the process shutdown and empty grit tanks as required to conduct the designated tasks within the tanks.


	1.2 Documents and Instructions
	.1 Documents Provided
	.1 Upon award of the Contract, the Contractor will be provided with five (5) complete sets of the Bid Opportunity.  If the Contractor requires additional sets of the Bid Opportunity, they will be supplied to him at cost.

	.2 Documents On-Site
	.1 Maintain one (1) copy of all current Contract Documents and all Shop Drawings on Site, in good order, and available to the Contract Administrator or his representatives.
	.2 This requirement does not include the executed Contract Documents.

	.3 Changes to the Work
	.1 Refer to the Contract General Conditions regarding changes to the Work.
	.2 Contemplated Change Notice: issued after award of Contract, does NOT constitute an order to perform the change but is a notice of a proposed change only.  Submit to the Contract Administrator within seven (7) days after receipt of Contemplated Change Notice a statement of cost adjustments and effect upon construction schedule required by the proposed change.  Itemize statement in accordance with all items separately listed.
	.3 Field Order: during Construction, the Contract Administrator may issue a Field Order to authorize a change or additional Work of an emergency nature.  A firm total cost (extra or credit) or a method for determining this cost must be included (unit price, cost plus, or time basis).
	.4 Authorization for Contract Change: after receipt of the statement of cost adjustment and the City’s approval, the Contract Administrator will issue an Authorization for Contract Change in the amount of the approved cost adjustment, which will authorize the Contractor to proceed with the change to the Work, or alternatively will notify the Contractor that the proposed change is cancelled.
	.5 Field Instructions: the Contract Administrator may issue during construction, a Field Instruction to supplement or clarify the Contract Documents.  Neither the Contract Price nor the Contract Time is affected by a Field Instruction.


	1.3 Site Preparation
	.1 Description
	.1 This Specification shall cover Site preparation, including mobilization, field office facilities, equipment and fuel compounds, Site drainage, access roads, storage areas, and turnarounds, Site contamination and clean-up, demobilization and Site restoration, and other Contractor related tasks required, as a portion of the Works for this Contract.
	.2 The Work to be done by the Contractor under this Specification shall include the furnishing of all superintendence, overhead, labour materials, all things necessary for and incidental to the satisfactory performance and completion of all Work, as hereinafter specified.


	1.4 Construction Methods
	.1 Use of Public Roads and Rights-of-Way
	.1 Maintenance
	.1 It shall be the responsibility of the Contractor to keep public roads and rights of way used by their construction activities and traffic clean and maintained during the Construction Period.
	.2 Earth, gravel, sand, or other construction materials spilled from hauling equipment onto public roads and rights-of-way shall be picked up promptly and continuously at the Contractor’s expense.
	.3 Any damage to public roads and rights-of-way caused by the Contractor’s construction activities shall be repaired at the Contractor’s expense as directed by the Contract Administrator or the authority having jurisdiction.
	.4 Public roads and rights-of-way on the Site are used daily for delivery of septage and other materials.  The Contractor shall ensure the roadways are kept unobstructed and not used for stockpiling or storage of materials, equipment, garbage, or Contractor’s vehicles and parking.

	.2 Construction Traffic Crossing and Entering Public Roads
	.1 The Contractor shall limit their construction traffic crossing or entering public roads to as few locations as possible.  Crossing and entrance locations shall be provided to the Contract Administrator for review and approval prior to construction starting.
	.2 Where construction traffic crosses or enters onto public roads and rights-of-way the Contractor shall obtain the necessary approvals and provide signage and temporary traffic controls detailed in the Workzone Traffic Control Manual from the Manitoba Transportation and Government Services.


	.2 Drainage of Grit Tanks
	.1 Contractor shall arrange with the Contract Administrator for scheduling draining of tanks at least 48 hours prior to requirement.

	.3 Demobilization and Site Restoration
	.1 Further to GC:6.29, the Contractor shall demobilize, clean up, and remove all repair Work related surplus materials, tools, equipment, waste and debris, access roads, storage areas, turnarounds, approaches to public roads, ditch crossings, and temporary culverts and dispose off site and backfill excavations by the day set for Substantial Performance.
	.2 The Contractor shall at his own expense, restore all surface areas damaged or disturbed by his activities at or adjacent to the Site to a condition equal to or better than was existing.

	.4 Restricted Access Areas
	.1 Refer to the Site plan for any areas identified as restricted access.  No admittance shall be permitted to these areas by the Contractor or Contractor’s personnel without the Contract Administrator’s permission.


	1.5 Environmental Protection
	.1 The Contractor shall plan and implement the Work of this Contract strictly in accordance with the requirements of the environmental protection measures as herein specified.
	.2 The Contractor is advised that at least the following Acts, Regulations, and By-laws apply to the Work.
	.1 Federal
	.1 Canadian Environmental Protection Act c.16
	.2 Transportation of Dangerous Goods Act and Regulations c.34

	.2 Provincial
	.1 The Dangerous Goods Handling and Transportation Act D12
	.2 The Endangered Species Act E111
	.3 The Environment Act c.E125
	.4 The Fire Prevention Act F80
	.5 The Manitoba Nuisance Act N120
	.6 The Public Health Act c.P210
	.7 The Workplace Safety and Health Act W120
	.8 Other current associated regulations that may be applicable


	.3 The Contractor is advised that the following environmental protection measures apply to the Work.
	.1 Materials Handling and Storage
	.1 The Contractor shall abide by the requirements of Manitoba Conservation for handling and storage of fuels.
	.2 All fuel handling and storage facilities shall comply with the Dangerous Goods and Transportation Act, Storage and Handling of Petroleum Products Regulation and any local land use permits.

	.2 Fuel Handling and Storage
	.1 Fuels, lubricants, and other potentially hazardous materials as defined in The Dangerous Goods and Transportation Act shall be stored and handled within the approved storage areas.
	.2 The Contractor shall ensure that all fuel storage containers are inspected daily for leaks and spillage.  Damaged or leaking fuel storage containers shall be promptly removed from the Site.
	.3 When servicing requires the drainage or pumping of fuels, lubricating oils or other fluids from equipment, a groundsheet of suitable material (such as high density polyethylene (HDPE)) and size shall be spread on the ground to catch the fluid in the event of a leak or spill.  This groundsheet may be supplemented with absorbent fabric material.
	.4 Refuelling of mobile equipment and vehicles shall take place at least 100 m from a water reservoir shoreline.
	.5 The areas around storage areas and fuel lines shall be distinctly marked and kept clear of snow and debris to allow for routine inspection and leak detection.
	.6 A sufficient supply of materials, such as absorbent material and plastic oil booms, to clean up minor spills shall be stored nearby on Site.  The Contractor shall ensure that additional material can be made available on short notice.

	.3 Waste Handling and Disposal
	.1 The construction area shall be kept clean and orderly at all times during and at completion of construction.
	.2 At no time during construction shall personal or construction waste be permitted to accumulate for more than one day at any location on the construction Site, other than at a dedicated storage area as may be acceptable to the Contract Administrator.
	.3 Indiscriminate dumping, littering, or abandonment shall not take place.
	.4 No on-site burning of waste is permitted.
	.5 The Contractor shall provide waste collection bins within the laydown area acceptable to the Contract Administrator.

	.4 Dangerous Goods/Hazardous Waste Handling and Disposal
	.1 Dangerous goods and hazardous waste are identified by, and shall be handled according to, the Dangerous Goods Handling and Transportation Act and Regulations.
	.2 The Contractor shall be familiar with the Dangerous Goods Handling and Transportation Act and Regulations.

	.5 Emergency Spill Response
	.1 The Contractor shall ensure that due care and caution is taken to prevent spills.
	.2 The Contractor shall report all major spills of petroleum products or other hazardous substances with the potential for impacting the environment and threat to human health and safety to the Contract Administrator and Manitoba Conservation, immediately after occurrence of the environmental accident, by calling the 24-hour emergency telephone number (204) 944-4888.
	.3 The Contractor shall designate a qualified supervisor as the on Site emergency response coordinator for the project.  The emergency response coordinator shall have the authority to redirect manpower in order to respond in the event of a spill.
	.4 The following actions shall be taken by the person in charge of the spilled materials or the person(s) arriving at the scene of a hazardous material accident or the on Site emergency response coordinator.
	.1 Notify emergency response coordinator of the accident:
	.2 Identify exact location and time of accident.
	.3 Indicate injuries, if any.
	.4 Request assistance as required by magnitude of accident (Manitoba Conservation 24-hour Spill Response Line (204) 944-4888, Police, Fire Department, Ambulance, company back-up).

	.5 Assess the situation and gather information on the status of the situation, noting:
	.1 Personnel on Site.
	.2 Cause and effect of spill.
	.3 Estimated extent of damage.
	.4 Amount and type of material involved.
	.5 Proximity to waterways and the reservoirs.

	.6 If safe to do so, try to stop the dispersion or flow of spill material:
	.1 Approach from upwind.
	.2 Stop or reduce leak if safe to do so.
	.3 Dike spill material with dry, inert absorbent material or dry clay soil or sand.
	.4 Prevent spill material from entering waterways and utilities by diking.
	.5 Prevent spill material from entering manholes and other openings by covering with rubber spill mats or diking.

	.7 Resume any effective action to contain, clean up, or stop the flow of the spilled product.
	.8 The emergency response coordinator shall ensure that all environmental accidents involving contaminants shall be documented and reported to Manitoba Conservation according to the Dangerous Goods Handling and Transportation Act Environmental Accident Report Regulation 439/87.




	2. COORDINATION WITH OTHER CONTRACTS
	.1 Contract will coordinate the Work such as to minimize disruption to the Contracts on the NEWPCC.

	3. PRODUCTS
	.1 Not used

	4. EXECUTION
	.1 Not used
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	1. GENERAL
	1.1 Permits and Inspections
	.1 The Contractor shall obtain and pay for all applied permits, licences, certificates, and governmental inspections required for the performance of the Work.
	.2 Give all required notices and comply with all local, provincial, and federal laws, ordinances, rules, regulations, codes, and orders relating to the Work, which are or become in force during the performance of the Work.
	.3 The Contractor shall make application, obtain, and pay for all development permits required for the project, and shall make application, obtain, and pay for all relevant permits. 

	1.2 Applicable Codes and Standards
	.1 The applicable codes and standards for the performance of Work are generally indicated in this Specification.
	.2 Where specified codes and standards are not dated, conform to the latest issue of specified codes and standards as amended and revised to the Bid closing date.
	.3 Confine apparatus, the storage of products, and the operations of workers to limits indicated by-laws, ordinances, and permits and by directions of the Contract Administrator.  Do not unreasonably encumber the premises with products.
	.4 In the event of discrepancies between codes, standards, and other provisions, the most stringent shall apply.

	1.3 Safety
	.1 General
	.1 In case of an emergency the Contractor shall immediately contact the McPhillips Control Centre at 204-986-4781 or the shift operator at 204-794-4468.
	.2 Observe and enforce all construction safety measures required by code, Workers' Compensation Board, Manitoba Workplace Safety and Health, and all applicable statutes.  Appoint a suitably qualified employee who has sole responsibility on Site on behalf of the Contractor, for compliance with the requirements and so advise the City in writing with copy to the Contract Administrator.  The Contractor shall follow safe working practices.
	.3 Conform to the requirements of the City of Winnipeg Water and Waste Department Asbestos Response Guide in working with or near asbestos.
	.4 In the event of discrepancies between such provisions, the most stringent provision shall apply.
	.5 Employ a qualified Professional Engineer registered in the Province of Manitoba, for the design of all shoring and falsework for the temporary supports of all structural elements.
	.6 Employ employees, agents, and sub-contractors who are properly qualified and skilled to do the Work.
	.7 Provide ongoing training in safe working practices and safety manuals for employees, agents and sub-contractors.
	.8 Use safe tools and equipment.
	.9 Obtain all permits, licenses, and clearances.
	.1 Establish compliance procedures and take all other necessary measures to protect the safety of workers and all other persons who may be in the vicinity of the Work Site.

	.10 Hard hats and safety boots are mandatory requirements for all workers while on Site.  Make available four (4) "VISITOR" safety helmets for authorized visitors.
	.11 No smoking regulations are in effect in all areas of the Work.  Ensure that all workers comply with the regulations.
	.12 Ensure that all workers comply with the City's safety regulations where such regulations are in effect.
	.13 Do not load or permit to be loaded any part of the Work with a weight, load or force that will exceed the design load or endanger its safety or integrity.

	.2 Safety Measures and Services
	.1 The Contractor shall be responsible for the safety of all his employees and other persons entering the Site and shall take all measures necessary to ensure their safety.  In particular such measures shall include but shall not be limited to the following:
	.1 Observation and provision of proper safety and emergency regulations, fire, gas, and electric shock precautions, stretchers, and a first aid box generally for each place of Work.
	.2 Safe storage, handling and use of explosives, gases, fuels, and other dangerous goods.
	.3 Provision of approved safety helmets for all personnel including authorized visitors to the Site.
	.4 Control of water, including the provision of standby pumping and generating plant where necessary.
	.5 Provision of lighting to provide adequate illumination of Work, including spares and standby equipment.
	.6 Provision and maintenance of safe, sound mechanical cranes, hoists, and conveying facilities for the transport of materials and personnel, each item of plant having an up to date test certificate.  All cranes, hoists, and the like shall be fitted with audible overload warning devices.
	.7 Provision and maintenance of safe, sound ropes, slings, blocks, and other lifting tackle, each appliance having an up to date test certificate.
	.8 Provision of competent operators for control of all lifting and hoisting equipment, with operating personnel.
	.9 Provision and maintenance of all temporary electrical installations.
	.10 Provision and maintenance of safe welding works within a classified area.
	.11 The Contractor shall provide and securely fix into position temporary timber covers not less than 50 mm thick to all openings in floors and roofs.
	.12 Provision and maintenance of all welding equipment and concrete cutting/coring equipment.
	.13 All equipment to be used by qualified, trained personnel.
	.14 Provision of adequate ventilation and testing of air quality prior to and while working in all indoor or enclosed locations.  Equipment for continuous monitoring of gases must be explosion-proof and equipped with a visible and audible alarm.  The conditions that must be monitored include oxygen deficiency, explosive and toxic gases.  The ventilation equipment must work continuously.

	.2 The Contractor shall allow the City timely and complete access to the Contractor’s records and documentation, to allow the City to confirm the Contractor’s ongoing compliance with the safety requirements in the Specification.  At all times, the Contractor shall, at the City’s request, provide copies of documentation related to safety at no extra cost to the City, including without limitation, copies of:
	.1 Resumes, licenses, certification papers, and like documentation for employees of the Contractor, its agents and sub-contractors engaged in the Work.
	.2 Specifications, permits, test results and licenses, for all equipment to be used in the Work.
	.3 All other permits and licenses for the Work.

	.3 At all times, the City may inspect and test the equipment to be used in the Work.
	.4 The Contractor shall maintain a Workplace Hazardous Materials Information System (WHMIS) file for all hazardous materials used at each Work Site.  Prior to commencement of the Work, the Contractor shall submit Material Safety Data Sheets (MSDS) to the City for all hazardous materials at Work Site.  Material brought to a Work Site without prior submission of a MSDS shall not be used in the Work.
	.5 The Contractor shall comply with the requirements of the Manitoba Labour Guidelines for Confined Entry Work, and the Manitoba Labour Fall Protection Guideline.
	.6 If deemed necessary, the Contractor may be required to submit a Safety Mitigation Plan for approval by the City.


	1.4 Noise Control On Site
	.1 All plant and equipment supplied by the Contractor for use on the Work shall be effectively "sound-reduced" by means of silencers, mufflers, acoustic linings or shields or acoustic sheds or screens to a level of 85 dBA measured outside the nearest occupied property or to the satisfaction of the Contract Administrator.
	.2 Provided that the provisions of this clause shall not be applicable in the case of emergency Work necessary for the saving of life, property, or for the safety of the Work.
	.3 Record any public noise complaints and modify construction activities that are causing excessive noise.

	1.5 Cleaning of Streets
	.1 Conform to local ordinances and by laws relating to littering of streets.
	.2 Take precautions to prevent depositing mud or debris on public or private roadways adjacent to the Work.  Clean up any debris or detritus immediately.  The Contract Administrator may direct necessary cleanup with all costs deducted from the Contractor's first succeeding progress billing.

	1.6 Working Limits
	.1 Confine all operations within the City's property limits and within the general area of the Work and away from any restricted access zones as identified on the site plan.  Keep existing roadways and access routes open to regular vehicular and pedestrian traffic throughout the duration of the Work.

	1.7 Existing Utilities
	.1 Conform to Provincial and Municipal regulations during construction in proximity to utility structures.
	.2 Notify appropriate utility companies and municipal departments a minimum of one (1) week in advance of commencing such Work.
	.3 Make arrangements with utility companies and municipal department for protection of pipelines, conduits, drainlines, wiring and other structures, whether underground, on the surface, or overhead, and satisfy the company or department that the methods or operations are effective.


	2. PRODUCTS
	.1 Not used

	3. EXECUTION
	.1 Not used
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	1. GENERAL
	1.1 Preconstruction Meeting
	.1 Within 15 days after award of the Contract, the Contract Administrator will request a project meeting of parties in the Contract to discuss and resolve administrative procedures and responsibilities.
	.2 Representatives of the City, Contract Administrator, Contractor, and major sub-contractors must be in attendance.
	.3 Representatives of the Contractor and sub-contractors attending the preconstruction meeting must be qualified and authorized to act on behalf of the party each represents.
	.4 After the time and location of this meeting has been established, the Contractor shall notify all parties concerned a minimum of ten days before the meeting.
	.5 The Contract Administrator will arrange space and facilities for this meeting.
	.6 The Contract Administrator will chair and record discussions and decisions, and circulate the meeting notes to all parties concerned.
	.7 Agenda to include:
	.1 Appointment and notification of official representatives of participants in the Work
	.2 Schedule of the Work, progress scheduling
	.3 Schedule of Shop Drawing and Sample submissions
	.4 Schedule for the procurement and delivery of specified equipment
	.5 Plant orientation program
	.6 Requirements for temporary facilities, Site signs, offices, storage sheds, utilities, hoarding, Site access, and use
	.7 Site security
	.8 Safety and Health issues
	.9 Modification procedures, Contemplated Change Notices and Authorization for Contract Changes procedures, approvals required, mark-up percentages permitted, time extensions, overtime, administrative requirements as originated by the City or in the case of a savings, by the Contractor.
	.10 Product and tool storage
	.11 Weather protection
	.12 As-Constructed Drawings
	.13 Operations and Maintenance (O&M) Manuals
	.14 Commissioning, acceptance, and handover
	.15 Warranties
	.16 Monthly progress claims, administrative procedures, photographs, holdbacks
	.17 Appointment of inspection and testing agencies or firms
	.18 Insurances and transcript of policies
	.19 Communications routing and logistics
	.20 Access to the Site and Work areas (security)
	.21 Survey
	.22 A schedule for progress meetings
	.23 Photographs
	.24 Emergency telephone numbers
	.25 Other items as arise at the meeting


	1.2 Progress Meetings
	.1 The Contract Administrator shall schedule and administer progress meetings once a week during construction and through the commissioning period.
	.2 Provide input to the Contract Administrator for the meeting agenda.
	.3 Representatives of the City, Contract Administrator, Contractor, and major sub-contractors must be in attendance.  Arrange for the attendance of other trades and suppliers as necessary to address issues on the agenda.
	.4 Representatives of the Contractor, sub-contractors, and suppliers attending meetings must be qualified and authorized to act on behalf of the party each represents.
	.5 Agenda for construction progress meetings to include the following:
	.1 Review and approval of minutes of previous meeting
	.2 Field observations, problems, conflicts
	.3 Review submittal schedules: expedite as required
	.4 Review of off Site fabrication and delivery schedule
	.5 Progress, schedule, during succeeding Work period
	.6 Problems, which impede construction schedule
	.7 Corrective measures and procedures to regain projected schedule
	.8 Revisions to construction schedule
	.9 Site coordination review
	.10 Maintenance of quality standards
	.11 Review of Site cleanliness
	.12 Review of Site safety and security
	.13 Review of temporary facilities
	.14 Review requests for information
	.15 Review of Contemplated Change Notices, Field Orders, Authorization for Contract Change, and Field Instructions
	.16 Review proposed changes for effect on construction schedule and on completion date
	.17 Review of progress payments
	.18 Outstanding action items
	.19 Date and location of next meeting
	.20 Other business

	.6 The Contract Administrator will preside at the meetings.
	.7 The Contract Administrator will record notes of the project meetings, including significant proceedings, decisions, “Action By" parties, dates for completion of duties, etc.
	.8 The Contract Administrator reserves the right to cancel any progress meeting or call additional meetings whenever he deems necessary.

	1.3 Special Meetings
	.1 Special meetings may be requested by the Contract Administrator or Contractor to discuss specific issues.  Generally, three days notice is required for special meetings.  The agenda will be fashioned to suit the meeting.  Minutes will be kept by the Contract Administrator.


	2. PRODUCTS
	.1 Not used

	3. EXECUTION
	.1 Not used
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	1. GENERAL
	1.1 Shop Drawings and Product Data
	.1 "Shop Drawings" means custom drawings, product data, diagrams, illustrations, schedules, performance charts, brochures and other data, which are to be provided by the Contractor to illustrate details of a portion of the Work.
	.2 The Contractor shall 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, weights, dimensions, 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 in writing of any deviations in Shop Drawings from the requirements of the Contract Documents.
	.3 Shop Drawings shall be submitted with a copy of the associated Specification.  For each Specification clause, note compliance or deviation from Specification.  Provide full explanation for any deviation.  Shop Drawings submitted without the associated Specification sections will be returned to the Contractor as “Rejected”.
	.4 The Contractor shall examine all Shop Drawings prior to submission to the Contract Administrator to ensure that all necessary requirements have been determined and verified and that each Shop Drawing has been checked and coordinated with the requirements of the Work and the Contract Documents.  Examination of each Shop Drawing shall be indicated by stamp, date, and signature of a responsible person of the sub-contractor for supplied items and of the General Contractor for fabricated items.  Shop Drawings not stamped, signed and dated will be returned without being reviewed and stamped "RE-SUBMIT".
	.5 The Contractor shall submit a Shop Drawings delivery schedule and provide Shop Drawings in an orderly sequence so as to cause no delay in the Work.  Failure to submit Shop Drawings in ample time is not to be considered sufficient reason for an extension of Contract time and no claim for extension by reason of such default will be allowed.  Jointly prepare a schedule fixing the dates for submission and return of Shop Drawings.
	.6 The Contract Administrator will review and return Shop Drawings in accordance with the schedule agreed upon or otherwise with reasonable promptness so as to cause no delay in the Work.
	.7 Submit six (6) copies of white prints, plus one (1) copy of reproducibles, and six (6) copies of all fixture cuts and brochures.
	.8 Shop Drawing reviews by the Contract Administrator is solely to ascertain conformance with the general design concept.  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.
	.9 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.
	.10 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.
	.11 Shop Drawings will be returned to the Contractor with one of the following notations:
	.1 When stamped "REVIEWED" or "NO EXCEPTIONS TAKEN", distribute additional copies as required for execution of the Work.
	.2 When stamped "REVIEWED AS MODIFIED" or "MAKE NOTED CORRECTIONS", ensure that all copies for use are modified and distributed, same as specified for "REVIEWED".
	.3 When stamped "REVISE AND RESUBMIT", make the necessary revisions, as indicated, consistent with the Contract Documents and submit again for review.
	.4 When stamped "NOT REVIEWED" or "REJECTED", submit other Drawings, brochures, etc., for review consistent with the Contract Documents.
	.5 Only Shop Drawings bearing "REVIEWED", "NO EXCEPTIONS TAKEN", "MAKE NOTED CORRECTIONS", or "REVIEWED AS MODIFIED" shall be used on the Work unless otherwise authorized by the Contract Administrator.

	.12 After submittals are stamped "REVIEWED", "NO EXCEPTIONS TAKEN", "MAKE NOTED CORRECTIONS" or "REVIEWED AS MODIFIED", no further revisions are permitted unless re-submitted to the Contract Administrator for further review.
	.13 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.
	.14 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.
	.15 Shop Drawings indicating design requirements not included in the Contract Documents require the seal of a qualified Professional Engineer, registered in the Province of Manitoba.  Calculations shall be submitted for review, if requested, and sealed by a qualified Professional Engineer.
	.16 Only two (2) reviews of Shop Drawings will be made by the Contract Administrator at no cost.  Each additional review will be charged to the Contractor at the Contract Administrator’s scheduled rates.  The Contract Administrator’s charges for the additional Work will be deducted from the Contractor’s Progress Certificates.

	1.2 Samples
	.1 Submit samples for the Contract Administrator’s review as specified or as the Contract Administrator may reasonably request.  Clearly label samples as to origin and intended use in the Work.  Reference samples to Drawings and Specifications.
	.2 Submit samples with reasonable promptness and in orderly sequence so as to cause no delay in the Work.  Failure to submit samples in ample time is not to be considered sufficient reason for an extension of Contract Time and no claim for extension by reason of such default will be allowed.  Jointly prepare a schedule fixing the dates for submission and return of samples (refer to Section 01200 – Project Meetings).
	.3 Notify the Contract Administrator in writing, at the time of submission, of any deviations in samples from requirements of Contract Documents.
	.4 The Contract Administrator's review will be for conformity of design concept and general arrangement only.  Such review is not to be considered relief of responsibility for errors or omissions in samples or of responsibility for meeting all requirements of the Contract Documents.
	.5 Any adjustments made on samples 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 the Work.
	.6 Make changes in samples, which the Contract Administrator may require, consistent with Contract Documents.

	1.3 Operating and Maintenance Manuals
	.1 For the guidance of the City’s operating and maintenance (O&M) personnel, the Contractor shall prepare O&M Manuals for the Work, describing in detail the construction of each part of the Work and the recommended procedure for operation, servicing and maintenance.
	.2 Three (3) advance copies of the manuals shall be submitted two months prior to Substantial Performance of the Work for review and comments.  A maximum of eight weeks after review, six (6) copies of the final manuals shall be submitted.  Each copy shall be clearly titled to show all of the information required by the Specifications as well as operational information including: the item of Work concerned, a City’s Contract number, the name and address of the Contractor, the issue date, operational information on equipment, cleaning and lubrication schedules, filters, overhaul and adjustment schedules.
	.3 All instructions in these manuals shall be in simple language to guide the City in the proper O&M of this installation.
	.4 In addition to hardcopies specified above, submit one (1) O&M Manual in electronic format (MS Word for text; Acrobat PDF for graphics).  Organize contents into applicable sections of Work, parallel to Specifications break-down.
	.5 In addition to information called for in the Specifications, include the following:
	.1 Title sheet, labeled "Operation and Maintenance Instructions", and containing project name and date.
	.2 List of contents.
	.1 Brochures/catalogue excerpts of all architectural, structural mechanical and electrical components of the Work
	.2 Documentation of all test results
	.3 Complete set of equipment and assembly drawings
	.4 Installation, start-up, O&M Manuals
	.5 Commissioning data sheets and reports
	.6 Air balancing reports
	.7 Spare parts lists and prices, and special tools requirements and prices
	.8 Any specific product or maintenance manual requirements from the Specifications

	.3 Reviewed Shop Drawings of all equipment
	.4 As-Constructed Drawings of all civil, structural, process equipment, mechanical, electrical, instrumentation and controls installations
	.5 Full description of entire mechanical system and operation
	.6 Names, addresses, and telephone numbers of all major sub-contractors and suppliers
	.7 Detailed O&M instructions for all items of equipment, including a preventative maintenance program

	.6 The Contractor shall modify and supplement the manual as required by the Contract Administrator.
	.7 Provide list of spare parts and consumables, including name and address of nearest supplier.
	.8 The O&M Manuals shall be supplied to the City before equipment delivery and provision shall be made for additions and deletions, which may be dictated by the City’s operational experience.  Where these amendments to the manuals are indicated to be necessary during initial operation before acceptance, the Contractor shall supply the amended Sections free of charge.
	.9 Payment for this item of the Work, as listed in Form B: Prices, will not be issued until all requirements for the O&M Manuals have been satisfied.

	1.4 As-Constructed Drawings
	.1 After award of Contract, the Contract Administrator will provide a complete set of Drawings for the purpose of maintaining Project As-Constructed Drawings.  Electronic files in AutoCAD format will be supplied.  Accurately record significant deviations from Contract Documents caused by Site conditions and changes ordered by the Contract Administrator.  Update daily.
	.2 Record locations of concealed elements of mechanical and electrical services.
	.3 Identify Drawings as "Project As-Constructed Copy."  Maintain in good condition and make available for inspection on-site by Contract Administrator at all times.
	.4 On completion of the Work, two weeks prior to final inspection, submit As-Constructed Drawings to Contract Administrator for review.
	.5 Within one month after return of As-Constructed Drawings by the Contract Administrator, obtain and pay for a complete set of original reproducible Drawings.  Transfer all changes from As Constructed Drawings to electronic Drawings (AutoCAD) and certify accuracy.  Deliver electronic drawings to the Contract Administrator.

	1.5 Photographs and Publicity
	.1 No photographs of the Site or of any portion of the Work will be permitted without prior approval of the Contract Administrator.
	.2 No press or publicity releases will be permitted without prior approval of the Contract Administrator.

	1.6 Procedures
	.1 The Contractor shall, if required by the Contract Administrator, submit for the review of the Contract Administrator method statements which describe in detail, supplement with Drawings where necessary, the methods to be adopted for executing any portion of Work.
	.2 These statements shall also include details of constructional plant and labour to be employed.  Acceptance by the Contract Administrator shall not relieve the Contractor of any of his responsibilities, nor shall reasonable refusal to approve entitle the Contractor to extra payment or an extension of time.


	2. PRODUCTS 
	.1 Not used

	3. EXECUTION
	.1 Not used
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	1. GENERAL
	1.1 Contractor's Office
	.1 Accommodation for the Contractor’s office, plant, tools, equipment, and materials (including fuel) shall be the responsibility of the Contractor.  Such accommodation at the Site shall be located after consultation with the Contract Administrator.  The Contractor shall be responsible for the protection of its plant, tools, equipment, and materials stored on Site.  Materials stored on the City’s premises shall be neatly stacked and protected from the weather.
	.2 Provide and maintain in clean condition during entire progress of the Work, a suitable office adequately lighted, heated and ventilated, for own use.
	.3 Locate where directed by Contract Administrator in area shown on the Site plan.
	.4 Within this office provide adequate first aid facilities as recommended by the Ministry of Labour and Worker's Compensation regulations.
	.5 The Contractor shall confine their activities to the minimum area necessary for undertaking and completing the Work.  Material and equipment storage areas shall be at locations acceptable to the Contract Administrator.
	.6 The Contractor’s construction activities shall not encroach onto private property without written consent from the owner of the property concerned.  The Contractor shall provide the Contract Administrator with a copy of the written agreement with the property owner.
	.7 Subcontractors are to provide their own offices as necessary, as directed by the Contract Administrator.

	1.2 Laydown and Storage
	.1 All construction materials shall be stored at designated Site laydown and storage areas.  Stored combustible materials shall be separated by clear space to prevent fire spread and allow access for manual fire fighting equipment, including fire hoses, extinguishers, hydrants, etc.
	.2 Designated areas shall be used for storage of flammable and combustible liquids and gases, which shall be properly equipped for grounding and bonding when refueling vehicles and equipment.  Spills shall be contained as required by Provincial Regulations.
	.3 Pressurized dry chemical fire extinguishers of suitable capacity or equally effective extinguishers as per NFPA 10 shall be provided where:
	.1 Flammable liquids are stored or handled.
	.2 Temporary oil or gas fire equipment is used.
	.3 Welding or flame cutting is performed.


	1.3 Temporary Construction Materials
	.1 Tarpaulins and plastic coverings shall consist of fire retardant materials, which are UL or FM listed or approved, or which have passed the Large Scale Test specified in NFPA 701.

	1.4 Contractor’s Trailers
	.1 The Contractor shall provide construction power at 120/240 V, 1 phase, and 600 V, 3 phase to the service points designated at the Work Site.
	.2 The Contractor shall, at its own cost, supply, install, maintain, and move extensions to the above services as required during the Construction Period, subject to CSA C22.1 latest edition and Manitoba Hydro Standards and approval.
	.3 The Contractor shall:
	.1 Prevent hazardous accumulations of dust, fumes, mist, vapours, or gases in areas occupied during construction.
	.2 Provide local exhaust ventilation to prevent harmful accumulation of hazardous substances into atmosphere of occupied areas.
	.3 Dispose of exhaust materials in manner that will not result in harmful exposure to persons.
	.4 Ventilate storage spaces containing hazardous or volatile materials.
	.5 Ventilate temporary sanitary facilities.
	.6 Continue operation of ventilation and exhaust system for time after cessation of Work process to assure removal of harmful elements.

	.4 Suitable fire control equipment shall be provided by the Contractor for protection of its facilities, the portion of the City’s building under construction and materials and equipment at all Work areas.  All fire protection equipment and fuel storage shall meet the approval of the Contract Administrator.  Storage of fuel will not be permitted in the vicinity of the Work.
	.5 Unless approved by the Contract Administrator, burning of any materials is NOT allowed at the Site of the Work.
	.6 The Contractor shall be responsible for any damage resulting from fires caused by the Contractor or its employees and shall be solely responsible for all costs, which may be incurred in extinguishing such fires.

	1.5 Toilets and Washrooms
	.1 Washroom facilities are not available at the NEWPCC for the Contractor’s use.
	.2 The Contractor shall supply and maintain all necessary toilets and washrooms for its employees engaged in the Work.  These toilets and washrooms shall comply with the requirements of The Public Health Act, R.S.M. 1987, c. P210, including sewage holding facilities and water storage.  Sewage connections are not available.

	1.6 Disposal of Waste Materials
	.1 Spoiled and waste materials shall not be dumped, under any circumstances, in any locations other than those approved by the local authorities.  Any cost for permits and fees for disposing of waste materials shall be at the Contractor’s expense.
	.2 Disposal of all excavated and waste materials shall be in accordance with the requirements of the appropriate provincial regulatory agencies.
	.3 When working anywhere within the Works the Contractor shall at the end of each working day remove the rubbish and leave the Site in a clean and tidy state, to the satisfaction of the Contract Administrator.  If this is not done, the City will clean the Site and charge the Contractor.

	1.7 Parking
	.1 The Contractor shall provide parking in the area designated on the plans for Contractor laydown and trailers.  The Contract Administrator may designate additional parking areas for the Contractor’s vehicles.  The parking shall be arranged and maintained so that is does not disrupt the plant's operation and access for the City’s operations and maintenance staff.
	.2 The Contractor shall provide appropriate base course material for the laydown, trailer and parking area to allow vehicle traffic and parking.  The Contractor shall restore this area to its original state at the completion of construction.

	1.8 Contractor's Site Storage for Equipment and Materials
	.1 The Contractor shall provide and maintain in a clean and orderly condition an adequately sized storage facility on Site, which will provide weather protected storage for all the tools, equipment, and materials necessary for the undertaking and completion of the Work.
	.2 The storage facility shall be located where directed by the Contract Administrator in the area identified on the Site plan.
	.3 The storage facility shall be temperature controlled to provide a minimum interior temperature of 10°C, and be large enough to provide access to equipment for periodic maintenance.
	.4 The compound shall have a hard base suitable for the storage of heavy equipment.  Adequate temporary drainage shall be provided around the facility.
	.5 The storage of equipment and materials shall be limited to the storage facility only.
	.6 The responsibility for the security of the Site storage and the condition of all the equipment and materials therein shall rest solely with the Contractor.
	.7 The Contractor will be responsible for removal of this facility prior to issuance of Total Performance.

	1.9 Power and Light
	.1 The Contractor shall provide temporary power and light for own use.  Install in accordance with regulations of governing authorities.
	.2 Provide and pay for all temporary power required during Construction for temporary lighting and the operations.
	.3 Wiring for temporary lighting is to be entirely separate from temporary power installation except for a common supply connection at either an electrical service or distribution centre.

	1.10 Use of Permanent Water Supply, Heat, Power Light, and Telephone
	.1 The Contractor shall not make use of permanent water supply, heat, power, lighting, or telephone inside the NEWPCC without permission from the Contract Administrator.

	1.11 Fueled Welding Machines and Air Compressors
	.1 Fueled welding machines and air compressors required for performance of the Work are to be the responsibility of the respective users.  Locate outside of buildings.

	1.12 Guard Rails and Barricades
	.1 Provide guard railings and barricades, around all openings, open shafts, open stairwells.  Construct as recommended by local governing authorities.

	1.13 Site Security
	.1 The City does not normally provide security forces to the plant Site. The gate is normally open during the day and closed at night.
	.2 The Contractor shall provide chainlink fencing adequate to control all access of authorized and unauthorized personnel and vehicles to all working, storage, and construction areas at all times including after working hours, nights, weekends, and holidays.

	1.14 Scaffolding
	.1 Provide and maintain adequate scaffolding as required.  Scaffolding is to be rigid, secure, and constructed to ensure adequate safety for workers.  Erect without damage to the building or finishes.

	1.15 Ladders, Stairs
	.1 Provide and maintain adequate temporary ladders and stairs required for construction.
	.2 Secure to structure.
	.3 Ladders and stairs are to comply with all requirements of safety authority.
	.4 Provide temporary wood treads on steel pan stairs for use prior to placement of permanent treads.

	1.16 Explosive Actuated Fastening Tools
	.1 Provide for the use of explosive actuated fastening tools when required.  When using, conform to the requirements of CSA Z166   "Explosive Actuated Fastening Tools" and local governing authorities.

	1.17 Temporary Vehicular and Pedestrian Access
	.1 Maintain existing vehicular and pedestrian accesses properly at all times during construction.
	.2 The Contractor shall confine his equipment, storage of materials, and operations of his workmen to minimize Site damage.  The Contractor shall be responsible to restore all areas damaged or affected by construction to equal or better conditions, which existed prior to construction, unless designated otherwise.

	1.18 Protection for Off-Site and Public Property
	.1 Protect adjacent private and public property from damage during the performance of the Work.
	.2 Be responsible for all damages incurred due to improper protection.

	1.19 Fire Protection
	.1 Provide and maintain adequate temporary fire protection equipment during performance of the Work as required by insurance companies having jurisdiction.
	.2 Provide minimum one (1) fire extinguisher in each equipment and tool shed, temporary office, material storage shed workshop.
	.3 Where subjected to low temperatures, extinguishers are to be anti freeze type.  In proximity to gas, oil, grease, or paint storage locations they are to be No. 10   carbon dioxide type.  Extinguishers for all other locations are to be soda acid type.  All extinguishers are to be minimum 10 L capacity and be ULC labelled.
	.4 Handle gasoline and like combustible materials with good, safe practice.
	.5 Remove combustible debris from Site daily.

	1.20 Protection of Building Finishes and Equipment
	.1 Provide adequate protection for finished and partially finished building finishes and existing equipment and services during the performance of the Work.  Provide necessary screens, covers, hoardings, etc., as required.  Be responsible for all damages incurred due to improper or lack of protection.
	.2 The Contractor shall use methods of construction on concrete Work that will not generate dust.
	.3 The Contractor shall protect existing mechanical and electrical equipment from damage.
	.4 Maintain and protect existing services in operation during the course of the Work.  Repair services damaged at no cost to the City.
	.5 If service interruptions are necessary, such interruptions shall be made only at times approved by the City.
	.6 Advise the Contract Administrator of any necessary service relocations not identified by the Contract Documents.

	1.21 Protection of Trees
	.1 Protect trees located on or adjacent to the Site, which may be affected by the Work, from any potential damage which could occur as a result of the construction and related activities.
	.2 Site enclosures, fencing, hoarding or other protective walkways, or facilities shall not be secured, braced, or otherwise fastened to trees.
	.3 Do not remove trees unless specifically noted on the plans, or as directed and approved by the Contract Administrator.   
	.4 Restore any disturbed areas with indigenous species that are well adapted to the project area.

	1.22 Snow Removal
	.1 Remove snow and ice from access roads, Contractor parking and laydown areas, office and storage areas.  The Contractor shall be responsible for repairing any damage to the access road, and the parking and storage areas within the Contractor’s Site laydown area directly attributable to their operation.  
	.2 Remove snow and ice from building surfaces as necessary for construction.
	.3 Except where noted otherwise, the Contractor shall be responsible for snow removal and maintaining the access roads, turnarounds, parking areas and storage areas during the course of the Work to facilitate safe access to the Work areas.

	1.23 Access to Site and Building
	.1 It will be the Contractor’s responsibility to check that accesses are in suitable condition before any plant, equipment, or materials are brought to Site.
	.2 Access on the Site is restricted by existing buried and surface utilities and structures.  The Contractor is to confirm location of all possible obstructions and to review routing of construction vehicles with the Contract Administrator.
	.3 The Contractor is to maintain access at all times for City personnel or the Contract Administrator.

	1.24 Access to Work
	.1 Normal working hours for City staff working inside the building shall be between 7:30 a.m. and 4:00 p.m., Monday to Friday, except holidays.
	.2 The Contract Administrator shall be informed at least 24 hours in advance of when the Contractor intends to carry out Work outside normal working hours; no such Work shall be done without the Contract Administrator's approval except when the Work is unavoidable or absolutely necessary for:
	.1 Preventing injury to any person or saving the life of any person; or
	.2 Preventing damage to property where the circumstances placing the property in danger could not reasonably have been foreseen and where the immediate carrying out of such Work is necessary in order to prevent damage to that property; in which case the Contractor shall immediately advise the Contract Administrator in writing that such Work outside the normal working hours is necessary and of the reasons for this.  He shall also state the nature and extent of Work to be carried out.

	.3 The Contractor is to coordinate activities with City personnel and any other contractors that may be working concurrently on the Site.

	1.25 Site Security Lighting
	.1 Provide and pay for temporary Site lighting as required for non-daylight times.  Install lamps in suitable locations to obtain unobstructed light over all Work areas.
	.2 Perform daily inspection of Site lighting and replace burned out and missing lamps.  Relocate promptly any lights that become obstructed by new Work.

	1.26 Warnings and Traffic Signs
	.1 When Work is performed within public areas, provide and erect adequate warning signs as necessary to give proper warning.  Place signs sufficiently in advance to enable public to respond to directions.
	.2 Warning and traffic signs shall be illuminating type, visible to public and traffic during day and night.
	.3 Provide and maintain signs and other devices required to indicate construction activities or other temporary or unusual conditions resulting from the Work.


	2. PRODUCTS 
	.1 Not Used

	3. EXECUTION
	.1 Not Used
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	1. GENERAL
	1.1 Inspection and Testing of Work
	.1 The City, the Contract Administrator, and other authorities having jurisdiction shall have access to the Work.  If parts of the Work are in preparation at locations other than the place of the Work, access shall be given to such locations.

	1.2 Independent Inspection and Testing Agencies
	.1 Independent inspection and testing agencies may be engaged by the City for inspecting or testing portions of the Work.  All costs of such services will be borne by the City.  Costs of additional tests required due to defective Work shall be paid by the Contractor.
	.2 All equipment required for carrying out inspection and testing will be provided by the respective agencies.
	.3 Employment of inspection and testing agencies in no way relieves the Contractor of responsibility to perform the Work in accordance with the Contract Documents.
	.4 Allow the inspection and testing agencies access to all portions of the Work on the Site and manufacturing or fabrication plants, as may be necessary.  Provide facilities for such access.

	1.3 Reference Standards and Acronyms
	.1 Within the Drawings and Specifications, reference may be made to the following standards and organizations by their acronyms, as defined below.  Conform to such standards, in whole or in part, as specified.
	.2 If there is question as to whether any product or system is in conformance with applicable standards, the Contract Administrator reserves the right to have such products or systems tested to prove or disprove conformance.  The cost for such testing will be borne by the City in the event of conformance with Contract Documents or by the Contractor in the event of non-conformance.
	.3 Where specified standards are not dated, conform to latest issue of specified standards as amended and revised to the Bid closing date.

	1.4 Design Standards and Code Requirements
	.1 Inspection and testing will be performed in accordance with, but not limited to, the following:
	.1 Welding to CSA W59.1 and ASTM E109
	.2 Bolted connections to CSA S16 or S16.1
	.3 Roofing to CRCA Manual


	1.5 Procedures
	.1 Notify the Contract Administrator two (2) working days in advance of the requirements for tests in order that necessary arrangements can be made.
	.2 Submit samples and materials required for testing with reasonable promptness so as to cause no delay in the Work.
	.3 Provide facilities to allow inspection and testing and make available space for storage and curing of the test samples.
	.4 If defects are revealed during inspection and testing, then the Contract Administrator may issue instructions for removal or correcting defective Work and irregularities.  The Contractor shall notify the Contract Administrator within two working days if such instructions are in error or at variance with the Contract Documents.
	.5 Costs for re-inspection and retesting of rejected Work shall be borne by the Contractor.


	2. PRODUCTS 
	.1 Not Used

	3. EXECUTION
	.1 Not Used
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	1. PRODUCTS
	1.1 Quality of Materials
	.1 Provide new materials, equipment and articles incorporated in the Work, not damaged or defective and of the best quality (compatible with Specifications) for the purpose intended.  If requested, furnish evidence as to type, source, and quality of products provided.
	.2 Defective materials, equipment, and articles whenever found may be rejected regardless of previous inspection. Inspection by the Contract Administrator or an inspector does not relieve the Contractor of his responsibility but is merely a precaution against oversight or error.  Remove and replace defective materials at own expense and be responsible for all delays and expenses caused by rejection.
	.3 Should any dispute arise as to the quality or fitness of materials, equipment or articles, the decision rests solely with the Contract Administrator based upon the requirements of the Contract Documents.
	.4 Unless otherwise indicated in the Specifications, provide products from the same manufacturer for any particular or like item throughout the Work.
	.5 Permanent labels, trademarks and nameplates on materials, equipment, and articles are not acceptable in prominent locations except where required for operating instructions and when located in mechanical or electrical rooms.

	1.2 Metric Project
	.1 Unless otherwise noted, this project has been designed and is to be constructed in the International System (SI) of Units metric system of measurements.
	.2 During construction, when specified metric elements are unavailable at the time they are required to meet the construction schedule, the Contractor shall notify the Contract Administrator in writing and suggest alternative substitutions. Costs due to these substitutions shall be borne by the Contractor.

	1.3 Availability of Materials
	.1 No substitution of any item will be permitted unless the item cannot be delivered to the Site in time to comply with the Schedule.
	.2 Provide documentary proof of equality, difference in price (if any) and delivery dates in the form of certified quotations from manufacturers of both the specified item and the proposed substituted item.

	1.4 Storage, Handling, and Protection of Materials
	.1 Handle and store materials in a manner to prevent damage, contamination, deterioration, and soiling and in accordance with manufacturer's recommendations when applicable.
	.2 Store packaged or bundled products in original and undamaged condition with manufacturers' seals and labels intact.  Do not remove packaging or bundling until required in the Work.
	.3 Materials subject to damage from weather are to be stored in weatherproof enclosures.
	.4 Store cementitious materials clear of earth or concrete floors and away from walls.
	.5 When used for grout or mortar materials, keep sand clean and dry.  Store on polyethylene and cover with waterproof tarpaulins during inclement weather.
	.6 Store sheet material, lumber, etc., on flat, solid supports and keep clear of ground.
	.7 Store and mix paints in a room assigned for this purpose.  Keep room under lock and key at all times.  Remove oily rags and any other combustible debris from Site daily.  Take every precaution necessary to prevent spontaneous combustion.
	.8 Damaged products shall be removed and replaced at the Contractor's expense.

	1.5 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.

	1.6 Transportation Costs of Materials
	.1 Pay all costs for transportation of materials required for the Work.


	2. PRODUCTS
	.1 Not Used

	3. EXECUTION
	3.1 Workmanship
	.1 Workmanship is to be of the best quality and executed by workers fully experienced and skilled in their respective trades.
	.2 Enforce discipline and good order among workers at all times.  Do not employ any unfit person or anyone unskilled in the duties assigned to him.  The Contract Administrator reserves the right to remove from Site of workers deemed incompetent, careless, insubordinate, or otherwise objectionable.
	.3 Decisions as to the quality or fitness of workmanship in cases of any dispute rests solely with the Contract Administrator whose decision is final.

	3.2 Coordination
	.1 Coordinate the Work of all sub-contractors.
	.2 Ensure that all Subcontractors examine the Drawings and Specifications for other parts of the Work, which may affect the performance of their Work.
	.3 Ensure that sleeves, openings, and miscellaneous equipment bases are provided as required for the Work.
	.4 Ensure that items to be built in are supplied when required with all necessary templates, measurements, and Shop Drawings.

	3.3 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.  Install as directed.

	3.4 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.

	3.5 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 that no dust is generated.

	3.6 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.

	3.7 Protection of Work In Progress
	.1 Adequately protect all Work completed and in progress.  Repair or replace all damaged Work.
	.2 Prevent overloading of any part of the Work.

	3.8 Cleaning
	.1 Remove waste materials and debris from the Site at regular intervals.  Do not burn waste materials and debris on-site.
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	1. GENERAL
	1.1 Intent
	.1 This Section describes general requirements for all equipment supplied under the Contract relating to the supervision of installation, testing, operation, and performance verification.  The Contractor shall be responsible for the supply, installation, testing, operation, and performance verification of the specified equipment.

	1.2 Definitions
	.1 Manufacturer: the manufacturer is the person, partnership, or corporation responsible for the manufacture and fabrication of equipment provided to the Contractor for the completion of the Work.
	.2 Manufacturer’s Representative: the manufacturer’s representative is a trained serviceman empowered by the manufacturer to provide installation, testing, and commissioning assistance to the Contractor in his performance of these functions.

	1.3 Expertise and Responsibility
	.1 The Contract Administrator recognizes the expertise of the manufacturer.
	.2 Should the Contract Administrator issue a Field Order, Authorization for Contract Change, or Instruction to Change the Work, which would, in the opinion of the Contractor, compromise the success or safety of the Work, then it shall be incumbent on the Contractor to notify the Contract Administrator in writing to this effect within two days.


	2. PRODUCTS
	.1 Not used

	3. EXECUTION
	3.1 Equipment Delivery
	.1 The equipment shall be delivered to the NEWPCC construction Site to the Contractor who shall be responsible for taking delivery of the equipment.  Written acceptance of receipt, at delivery, by the Contractor shall constitute “Delivery to Site” under this Contract.  A representative from each of the Contractor, and Contract Administrator will be in attendance at the time of delivery.  A duly executed “Certificate of Equipment Delivery” (Form 100) shall be completed.  Any minor damage identified during the inspection shall be repaired as per the manufacturer’s recommendations by the Contractor at no cost to the City.  Any severe damage will be grounds for rejection of the equipment.  The severely damaged equipment will be replaced at no cost to the City.  The Contract Administrator shall be the arbiter to determine the level of severity of damage.
	.2 Ten days before delivery, notice shall be given to the Contract Administrator to make arrangements for receipt and for inspection.  The shipping lists of materials will be carefully checked by the supplier in the presence of the Contract Administrator and the Contractor.
	.3 The Contractor shall be responsible for receiving, off-loading, and placing into storage all equipment at the Site.
	.4 The Contractor shall ensure that he is fully informed of precautions to be taken in the unloading of equipment and its subsequent storage.

	3.2 Installation Assistance
	.1 Before commencing installation of equipment, the Contractor shall arrange for the attendance of the manufacturer's representative to provide instructions in the methods, techniques, precautions, and any other information relevant to the successful installation of the equipment.
	.2 The Contractor shall inform the Contract Administrator, in writing, of the attendance at the Site of any manufacturer's representative for installation training at least 14 days prior to arrival.
	.3 When the manufacturer's representative is satisfied that the Contractor is aware of all installation requirements, he shall so certify by completing Form 101 attached to this Specification.
	.4 The completed form shall be delivered to the Contract Administrator prior to departure of the manufacturer's representative from the Site.
	.5 Installation of the equipment shall not begin until Contract Administrator has advised that he has received the completed Form 101.
	.6 Separate copies of Form 101 shall be used for different equipment.

	3.3 Installation
	.1 The Contractor shall install all equipment, including equipment supplied by the City, as defined in the Specifications.  If necessary, or if so directed by the Contract Administrator during the course of installation, the Contractor shall contact the manufacturer to receive clarification of installation procedures, direction, or any other additional information necessary to continue or complete the installation in an appropriate manner.
	.2 If it is found necessary, or if so directed by the Contract Administrator, the Contractor shall arrange for the manufacturer's representative to visit the Site to provide assistance during installation, all at no cost to the City.
	.3 Prior to completing installation, the Contractor shall inform the manufacturer and arrange for the attendance at the Site of the manufacturer's representative to verify successful installation.
	.4 The manufacturer’s representative shall conduct a detailed inspection of the installation including alignment, electrical connections, belt tensions, rotation direction, running clearances, lubrication, workmanship, and all other items as required to ensure successful operation of the equipment.
	.5 The manufacturer’s representative shall identify any outstanding deficiencies in the installation.
	.6 The deficiencies shall be rectified by the Contractor and the manufacturer’s representative will be required to re-inspect the installation, at no cost to the City.
	.7 When the manufacturer’s representative accepts the installation, he shall certify the installation by completing Form 102, attached to this Specification.
	.8 Deliver the completed Form 102 to the Contract Administrator prior to departure of the manufacturer's representative from the Site.
	.9 Tag the equipment with a 100 mm x 200 mm card stating “EQUIPMENT CHECKED. DO NOT RUN.” stenciled in large black letters.  Sign and date each card.
	.10 Provide separate copies of Form 102 for each item of equipment.

	3.4 Operation and Performance Verification
	.1 Equipment will be subjected to a demonstration, running test, and performance tests after the installation has been verified and any identified deficiencies have been remedied.
	.2 Inform the Contract Administrator at least 14 days in advance of conducting the tests and arrange for the attendance of the manufacturer's representative.  The tests may be concurrent with the inspection of satisfactory installation if mutually agreed by the Contractor and the Contract Administrator.
	.3 The manufacturer’s representative will conduct all necessary checks to equipment and if necessary, advise the Contractor of any further checking, flushing, cleaning, or other Work needed prior to confirming the equipment is ready to run.
	.4 The Contractor shall then operate the equipment for at least one hour to demonstrate to himself the operation of the equipment and any required ancillary services.  Any remedial measures required to ensure satisfactory operation shall be promptly undertaken.
	.5 The Contractor shall then notify the Contract Administrator of his readiness to demonstrate the operation of the equipment.  The Contract Administrator shall attend, as expeditiously as possible.
	.6 With the assistance of the manufacturer's representative, the Contractor will demonstrate that the equipment is properly installed.  Alignment, piping connections, electrical connections, etc., will be checked and if appropriate, code certifications provided.
	.7 The equipment shall then be run for one hour.  Local controls shall be satisfactorily verified by cycling the equipment through several start-stop operations, modulating its output, or some combination.  Operating parameters such as temperature, pressure, voltage, vibration, etc., will be checked to ensure that they are within the specified or manufacturer's recommended limits, whichever is more stringent.
	.8 On satisfactory completion of the one-hour demonstration, the equipment will be stopped and critical parameters, such as alignment, will be rechecked.
	.9 The equipment will be restarted and run continuously for three days.  During this period, as practicable, conditions will be simulated which represent maximum (or most severe), average, and minimum (or least severe) conditions.  These conditions will be mutually agreed by the manufacturer’s representative, the Contractor, and Contract Administrator on the basis of the information contained in the Specifications, as well as the methods used to create the simulated conditions and the time periods allotted to each.
	.10 Performance tests will be conducted either concurrent with or subsequent to the running test, as practicable and agreed between the Contract Administrator, the manufacturer’s representative, and the Contractor.
	.11 Performance tests shall be as dictated in the Specifications for each item of equipment or as reasonably required by the Contract Administrator to prove adherence to the requirements listed in the Specification.
	.12 The Contractor shall submit the results of the performance tests to the Contract Administrator, documented and summarized in a format acceptable to the Contract Administrator.  The Contract Administrator reserves the right to request additional testing.  No equipment shall be accepted and handed over to the City prior to the satisfactory completion of the performance tests and receipt of the test reports. 
	.13 All water, chemicals, temporary power, heating, or any other ancillary services required to complete the initial demonstration, running test and performance tests are the responsibility of the Contractor.
	.14 Should the initial demonstration, running test or performance tests reveal any defects, then those defects shall be promptly rectified and the demonstration, running tests, and/or performance tests shall be repeated to the satisfaction of the Contract Administrator.  Additional costs incurred by the Contractor, the Contract Administrator, or the City, due to repeat demonstration, running tests, and/or performance tests shall be the responsibility of the Contractor.
	.15 On successful completion of the demonstration, running test, and performance tests, Form 103 attached to this Specification will be signed by the manufacturer's representative, the Contractor, and the Contract Administrator.
	.16 The Contractor shall affix to the tested equipment a 100 mm x 200 mm card reading "OPERABLE CONDITION - DO NOT OPERATE WITHOUT CONTRACTOR'S PERMISSION." stenciled on in large black letters.
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	1. GENERAL
	1.1 Description
	.1 This Section contains requirements for training the City staff, by persons retained by the Contractor specifically for the purpose, in the proper operation and maintenance of the equipment and systems installed under this Contract. 
	.2 Training sessions are required during the equipment testing.
	.3 As a minimum, the Contractor is to allow at least two hours of training per shift, as required for each item of equipment or system.  Refer to the equipment Specifications for specific time periods. 
	.4 The intent is that the City should receive sufficient training on the equipment and systems that they are going to operate and maintain.  The Contract Administrator shall have the authority to determine the duration and content of each training session required.

	1.2 Quality Assurance
	.1 Where required by the equipment Specifications, provide on-the-job training of the City staff.  Training sessions will be conducted by qualified factory-trained representatives of the various equipment suppliers with a minimum of two years experience.  Training includes instruction of City staff in equipment operation and preventive maintenance and instruction on mechanics, electricians, instrumentation, and communications technicians in normal maintenance up to major repair.
	.2 The trainers proposed by the Contractor shall be experienced in training plant operators and shall have relevant experience in similar work. 

	1.3 Submittals
	.1 Submit the following information in accordance with Section 01300 – Submittals.  For phased testing and start-up activities, separate submittals can be prepared for equipment items or systems.  The material will receive a "REVIEWED" or "REVIEWED AS MODIFIED" status by the Contract Administrator no later than four weeks prior to delivery of the training:
	.1 Lesson plans and training manuals, handouts, visual aids, and other reference materials for each training session to be conducted by the Contractor's trainer(s).
	.2 Date, time, and subject of each training session. 
	.3 Training schedule.  Concurrent classes will not be allowed.


	1.4 Location
	.1 Where specified, conduct training sessions for the City staff, O&M personnel, on the operation, care, and maintenance of the equipment and systems installed under this Contract.  Training will take place at the Site of the Work and under the conditions specified in the following paragraphs.  
	.2 Field training sessions will take place at the installation Site.  Classroom training is to take place in the boardroom in the NEWPCC Administration Building.  The Contract Administrator may direct the classroom training to take place at another suitable location.

	1.5 Lesson Plans
	.1 Prepare formal written lesson plans for each training session and coordinate with the Contract Administrator.  Lesson plans to contain an outline of the material to be presented along with a description of visual aids to be used during the session.  Each plan will contain a time allocation for each subject.  Furnish ten (10) copies of necessary training manuals, handouts, visual aids, and reference materials at least two weeks prior to each training session.

	1.6 Format and Content
	.1 Include time in the classroom and at the location of the equipment or system for each training session.  As a minimum, cover the following topics for each item of equipment or system:
	.1 Familiarization
	.2 Safety
	.3 Operation
	.4 Troubleshooting
	.5 Preventive maintenance
	.6 Corrective maintenance
	.7 Parts
	.8 Local representatives


	1.7 Video Recording
	.1 Advise all suppliers providing training sessions that the training material may be videotaped.  The City may record each training session, and the material may be edited and supplemented with professionally produced graphics to provide a permanent record for the City's use.


	2. PRODUCTS
	.1  Not used

	3. EXECUTION
	3.1 General Requirements
	.1 Conduct training in conjunction with the equipment testing period.  Schedule classes such that classroom sessions are interspersed with field instruction in logical sequence.  Arrange to have the training conducted on consecutive days, with no more than four hours of classes scheduled for any one shift.
	.2 Provide final O&M Manuals, as defined in Section 01300 – Submittals, for the specific equipment to the City at least four weeks prior to the start of any training.  Video recording may take place concurrently with all training sessions.

	3.2 Operator Classroom Training
	.1 As a minimum, classroom equipment training for operations personnel will include:
	.1 The equipment's specific location in the plant and an operational overview.  Use slides and drawings to aid discussion.
	.2 Purpose and plant function of the equipment
	.3 The operating theory of the equipment
	.4 Start-up, shutdown, normal operation, and emergency operating procedures, including system integration and electrical interlocks, if any
	.5 Safety items and procedures
	.6 Routine preventive maintenance
	.7 Operator detection, without test instruments, of specific equipment trouble symptoms
	.8 Required equipment exercise procedures and intervals
	.9 Routine disassembly and assembly of equipment if applicable for purposes such as operator inspection of equipment
	.10 Exam


	3.3 Operator Hands-On Training
	.1 As a minimum, hands-on equipment training for operations personnel will include:
	.1 Identifying instrumentation: locations of primary elements; locations of instrument readouts; discuss purpose, basic operation, and data interpretation.
	.2 Discussing, demonstrating, and performing standard operating procedures and daily visual inspection of system operation.
	.3 Discussing and demonstrating  the preventive maintenance activities.
	.4 Discussing and demonstrating start-up and shutdown procedures.
	.5 Demonstrating the required equipment exercise procedures.
	.6 Demonstrating routine disassembly and assembly of equipment if applicable.
	.7 Identifying and reviewing safety items and demonstrating safety procedures, if feasible.


	3.4 Maintenance Classroom Training
	.1 Classroom equipment training for the maintenance and repair personnel will include:
	.1 Basic theory of operation
	.2 Description and function of equipment
	.3 Routine start-up and shutdown procedures
	.4 Normal and major repair procedures
	.5 Equipment inspection and troubleshooting procedures including the use of applicable test instruments and the "pass" and "no pass" test instrument readings.
	.6 Routine and long-term calibration procedures
	.7 Safety procedures
	.8 Preventive maintenance and up to and including major repairs such as replacement of major equipment part(s) with the use of special tools.


	3.5 Maintenance Hands-on Training
	.1 Hands-on equipment training for maintenance and repair personnel will include:
	.1 Locating and identifying equipment components
	.2 Reviewing the equipment function and theory of operation
	.3 Reviewing normal repair procedures
	.4 Demonstrating routine start-up and shutdown procedures
	.5 Reviewing and performing the safety procedures
	.6 Demonstrating City-approved practice maintenance and repair job(s), including mechanical and electrical adjustments and calibration and troubleshooting equipment problems
	.7 Reviewing and using Contractor’s manuals in the hands-on training


	3.6 Equipment and Systems for Training
	.1 Provide training during the equipment testing period for the following equipment and systems:
	.1 Process air blowers and aeration systems

	.2 Coordinate and finalize with the Contract Administrator on training schedules and duration of each training session.

	3.7 Training Completion Forms and Payment
	.1 Training for the Contractor-supplied equipment shall be conducted before the operation period as described in Form 103, included in Section 01650 – Equipment Installation.
	.2 The Contract shall not be considered complete, for the purpose of issuing a Certificate of Substantial Performance, until the training has been provided and Form 103 has been completed and signed.
	.3 Form T1: to be completed for initial training.  One (1) form is to be used for each item of equipment or system for which training has been provided.
	.4 Form T2: to be completed for training during the warranty period.  One (1) form is to be used for each equipment/system for which training has been provided.
	.5 Payment for this Work will be released only when the training has been completed to the City’s satisfaction and the respective forms are signed.
	.6 A sample of Forms T1 and T2 are attached to this Specification Section.
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	1. GENERAL
	1.1 General
	.1 At the time of the commissioning, the Contract Administrator shall advise the Contractor of the commissioning requirements.
	.2 The Contractor shall refer to all Divisions for details on the commissioning procedures not included in this Section.
	.3 The Contractor shall note that on materials and equipment installed in this Contract, warranty will not begin until issuance of Total Performance.

	1.2 Intent
	.1 This Section describes the Contractor’s responsibilities in the commissioning and handover of the process, electrical, and other systems to be installed as part of this Work.

	1.3 Definitions
	.1 System: for the purpose of this Specification Section, a system shall be defined as the equipment, piping, controls, ancillary devices, electrical power, etc., which together perform a specific function at the facility.
	.2 Commissioning: for the purpose of this Specification Section, commissioning shall be defined as the successful operation of a system in accordance with its design requirements for a period of 28 days, the last 7 of which shall be consecutive, unless otherwise specified.
	.3 Acceptance: for the purpose of this Specification Section, acceptance shall be defined as the formal turnover of a system to the City for his operation and maintenance.  This shall occur after the successful end of commissioning of each system through a formal agreement between the Contract Administrator, the City, and the Contractor.  Success of the commissioning procedure shall be determined by the Contract Administrator.

	1.4 Commissioning Team
	.1 The Work of commissioning will be conducted by the Contractor, the City, and the Contract Administrator.
	.2 The City’s appointed staff shall represent process and operating staff.
	.3 The Contractor shall provide personnel representing the appropriate trades, including I&C  during the commissioning.  These shall be skilled workmen, able to expedite any minor repairs, adjustments, etc., as are required to complete commissioning with as few delays as possible.

	1.5 Commissioning Plan
	.1 Develop a detailed methodology for the commissioning of each system at least 60 calendar days prior to planned start of commissioning.  The plan shall be drafted by the Contractor and Contract Administrator and include the following:
	.1 Detailed schedule of events, including but not limited to the schedule for completion of testing of all component parts of the system in accordance with Section 01650 prior to commissioning of a system.
	.2 Method for introducing flow, disposing of partially treated effluent, and disposing of any sludge or other residual solids generated during the commissioning process.  The Contractor will take responsibility for the implementation of these measures.
	.3 Sampling and analytical program for tests necessary to verify compliance with performance specifications.
	.4 Planned attendance schedule for manufacturer's representatives.
	.5 Contingency plans in the event of a process malfunction.
	.6 Drawings and sketches as required to illustrate the planned sequence of events.
	.7 List and details for all temporary equipment (pumps, etc.) required to facilitate Commissioning.
	.8 List of all personnel who the Contractor plans for commissioning and handover with information indicating their qualifications for this Work.

	.2 The commissioning plan shall be reviewed prior to its implementation.  The Contract Administrator shall be the final arbiter.

	1.6 Equipment
	.1 All process, mechanical, electrical, control, and miscellaneous equipment related to a system shall be successfully installed and tested in accordance with Section 01650 and any specific requirements noted in other Divisions.  Form 103 shall be executed for each item.
	.2 As required in Section 01300 – Submittals, O&M Manuals will be submitted to and reviewed by the Contract Administrator.
	.3 Staff training sessions shall be completed.  
	.4 Temporary equipment will be installed and tested as necessary to ensure that it functions reliably and consistently through the commissioning period.
	.5 Conduct sampling and analysis in accordance with the requirements of the latest version of “Standard Methods for the Examination of Water and Wastewater” AWWA/WEF.

	1.7 Controls
	.1 All controls which are the responsibility of this Contractor shall be installed and tested prior to commissioning.
	.2 The Contract Administrator shall arrange for the simulation of the control sequences or shall allow for the operation of the system without the features included in the Work of others.  Every effort shall be made to ensure that the commissioning period provides for the full and comprehensive operation of the equipment under all anticipated normal and adverse operating conditions.

	1.8 Plant Utility Services
	.1 The City shall provide power, chemicals, and other ancillary services as necessary to operate the plant through the commissioning period.  Provision of these services shall be limited to reasonable levels.

	1.9 Manpower
	.1 Supply all staff required during commissioning as necessary to assist City staff in the operation of the plant.
	.2 Supply competent staff capable of maintaining, repairing, and adjusting the equipment and controls to achieve the intended design functions during the commissioning period.
	.3 Ensure equipment manufacturer’s representatives are available as necessary to certify adjustments in equipment, to guide in setting correct operating limits, and to generally provide input as required for the appropriate operation of the equipment.

	1.10 Operating Descriptions
	.1 Operating descriptions shall be prepared by the Contract Administrator for the plant systems.  Other information outlining the operating requirements shall also be available from the Contract Administrator.  The Contractor will review these descriptions and will make himself familiar with the requirements in order that he can undertake commissioning in an appropriate manner.

	1.11 Design Parameters
	.1 Design parameters for the systems to be commissioned shall be as defined in the Specifications and/or the operating descriptions.  The commissioning team will identify to the Contractor, which parameters shall be modified prior to commissioning and shall be responsible for any subsequent changes during the commissioning period.


	2. PRODUCTS
	.1 Not used

	3. EXECUTION
	3.1 Preparation
	.1 Each item of equipment included in the system to be commissioned shall be satisfactorily tested and Form 103 completed.
	.2 Piping, wiring, and other conduit systems shall be finished and tested.
	.3 Electrical connections shall be completed and inspected to the satisfaction of the governing authorities.
	.4 All other regulatory inspections shall be completed to the satisfaction of the governing authorities.
	.5 Control systems shall be completed and the related control software debugged.

	3.2 Sequence
	.1 Systems shall be commissioned in a logical manner.  Upstream components shall be commissioned first to the degree possible.
	.2 The following sequence of events shall be followed:
	.1 O&M Manuals shall be available as per the requirements of Section 01300 – Submittals at least 14 days prior to the start of commissioning.
	.2 The Contract Administrator will make operating descriptions available prior to testing.  draft operating descriptions are included in this Contract.
	.3 Initial operator training shall be undertaken two weeks prior to commissioning.
	.4 Equipment performance tests shall be conducted successfully.
	.5 Start and run system in manual mode.
	.6 Turn separate items of equipment to automatic in a planned and logical manner.  Ensure that the control system is operating the equipment in a manner which precludes damage of the equipment and which is consistent with the process operating requirements.
	.7 Commence commissioning period of 28 days.  The equipment shall operate continuously and successfully through the last seven days of a commissioning period.  Minor failures shall not void the commissioning period.  A minor failure is defined as one which does not present a safety hazard, does not impact overall process functioning and can be temporarily overcome by the use of available standby equipment.  The last seven days of the commissioning period shall be re started if a critical failure occurs.  A critical failure shall be deemed as one, which prohibits the process from functioning successfully for an eight hour period or one, which creates a safety hazard.
	.8 Upon completing the commissioning period, the system shall be granted formal acceptance by the Contract Administrator.


	3.3 Commissioning
	.1 Water will be introduced to the system in a manner which precludes the damage of any equipment or structures.
	.2 Twice during the commissioning period, plant component settings will be modified to ensure that the system is subjected to flows and loads as close to design conditions as possible.  Where necessary to achieve this, flows to the area being commissioned will be augmented to exaggerate the naturally occurring flows and loads.  Where it is necessary to modify settings outside the limits of this Contract area within the plant, coordinate the changes with plant staff.
	.3 Assist in the operation of the plant to achieve the process objectives.
	.4 All components and systems shall be operated in the automatic/manual and the remote/local modes as required to prove proper operation.
	.5 Ensure all bypasses and backup provisions function satisfactorily.
	.6 All minor and major alarm conditions will be induced to ensure that the process reacts as intended, the applicable alarms are annunciated.
	.7 Samples of process flows, when necessary to prove performance, will be obtained and analyzed on a regular basis.

	3.4 Acceptance
	.1 The commissioning of a system shall be considered acceptable when the process has operated in a stable manner, satisfying the design criteria for a period of 28 days, the last 7 of which shall be continuous and consecutive, unless otherwise specified.
	.2 When a process system has been commissioned satisfactorily, the process system shall be formally accepted for operation and routine maintenance by the City’s forces.  On successful completion of commissioning Form 104 – Certificate of Satisfactory Process Performance attached to this Specification will be signed by the representative of the manufacturer, Contractor, Contract Administrator, and the City.
	.3 An acceptance meeting must be held at the end of the 28 day test to confirm the status of each system.
	.4 Notice of Acceptance for the entire project will be granted when all systems have been commissioned and accepted, and all requirements of the General Conditions have been completed.
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	1. GENERAL
	1.1 Final Cleaning
	.1 When the Work is Substantially Performed, remove surplus products, tools, construction machinery, and equipment not required for the performance of the remaining Work.
	.2 Remove waste and debris and leave the Work clean and suitable for occupancy by the City.
	.3 When the Work has reached Total Performance, remove surplus products, tools, construction machinery, equipment, waste, and debris.
	.4 Leave the Work areas broom clean before the final inspection process commences.

	1.2 Site Restoration
	.1 The Contractor shall remove the temporary Site office and storage facilities prior to Total Performance being issued.
	.2 The Contractor will be responsible for grounds restoration to original state, as determined necessary by the Contract Administrator.
	.3 The Contractor will be responsible for any damage caused by his forces on roadways or accesses.


	2. PRODUCTS
	.1 Not used

	3. EXECUTION
	.1 Not used


	01735.doc
	1. GENERAL
	1.1 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 In some instances, this requirement is reinforced by additional references within individual Specification Sections; however, the inclusion or exclusion of additional references within the Contract shall not supersede or otherwise limit the generality of the foregoing and these requirements shall govern.
	.4 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.  When more than one model or size of equipment type is furnished, show the information pertaining to each model, option, or size.

	1.2 Submittals 
	.1 The submission and acceptance of the “Equipment Operating and Maintenance Instruction” manual is a condition precedent to the certification of Substantial Performance.
	.2 Submit operation manuals and maintenance information in accordance with Section 01300.  Submittals may be checked for general compliance with the requirements of this Section.
	.3 Submit complete operations manuals and maintenance information as soon as possible after review of project submittals but no later than 120 days before the date of Substantial Performance.
	.4 Submit operations and maintenance data in electronic format: text sections compatible with Microsoft Word 2000; drawings and graphics in PDF format.

	1.3 General Requirements
	.1 Provide materials of equal clarity and quality as the originals.
	.2 Provide drawings, diagrams, and manufacturer's literature which are legible.
	.3 All instructions in the O&M Manuals are to be in simple language.
	.4 Edit manufacturer’s standard documents to delete extraneous information not applicable to the equipment, assembly, subassembly, or material supplied.  Cross out or remove and eliminate any extraneous material for models, options, or sizes not furnished.


	2. PRODUCTS 
	.1 Not used

	3. EXECUTION
	3.1 Contents and Organization
	.1 Arrange the O&M Manual to match the numbering system in the Specifications.
	.2 Provide the manufacturer’s standard O&M Manuals for the equipment or instrument supplied.  If the manufacturer's standard manuals do not contain all the required information, provide the missing information in supplementary documents and drawings.
	.3 When more than one piece of identical equipment or instruments is supplied, provide only one (1) set of operations manuals.
	.4 One (1) set of operations manuals may be provided when more than one 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.
	.5 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 included in the same electronic manual.
	.6 Provide a cover page, as the first page of each manual, with the following information:
	.1 Contract name and number
	.2 Equipment number or, if more than one piece of equipment is provided, equipment numbers for equipment or instruments covered by the manual.  Include functional description of equipment after each number.

	.7 Provide a table of contents listing the contents of the manual and identifying where specific information can be located.
	.8 Include the specific information described below in the O&M Manuals:
	.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 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 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 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 Maintenance Information
	.1 Provide descriptions and schedules for manufacturer's recommended routine preventative maintenance procedures including specific lubrication recommendations.  Indicate service intervals: daily, weekly, monthly, quarterly, semiannually, annually, or after "X" hours of operation.

	.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 and 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 requires 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 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 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 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 "Not Applicable".



	3.2 Field Changes
	.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.

	3.3 Commissioning Data
	.1 Provide hard cover three-ring binder for 215 mm x 280 mm paper labelled "Commissioning Data" three (3) copies of:
	.1 All completed equipment testing and commissioning forms, arranged in specification section order.
	.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.

	.2 In addition to the above specified binders, provide a disc (compact disc or DVD) of the above documents scanned into electronic format.

	3.4 Warranties
	.1 Provide hard cover three-ring binder for 215 mm x 280 mm paper labelled "Warranties" three (3) copies of:
	.1 A list in specification section order of all warranties and guarantees required by the Contract Documents and all manufacturers' standard warranties and guarantees.  Include contact names and telephone numbers. Indicate the time frame of each warranty or guarantee on the list.
	.2 Include, in Specification Section order, a copy of all written warranties and guarantees, which are required by the Contract Documents. Include all additional standard warranties and guarantees received by the Contractor.
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	1. GENERAL
	1.1 Work Included
	.1 Shop fabricated ferrous metal items, galvanized and prime painted.  The following is a list of principal items only.  Refer to Drawings for items not specifically listed.
	.1 Handrails, guardrails, kickplates
	.2 Steel grating and flat plate (galvanized)
	.3 Anchors, plates, bolts, nuts, screws, brackets, etc. required for Work of this Section


	1.2 Design Code, Quality Assurance
	.1 Design and fabricate stairs, landings, handrails, and balustrades to conform to requirements of the National Building Code of Canada, 2005
	.2 Perform welding in accordance with requirements of CSA W59
	.3 Welding Work on all load carrying structures and assemblies is to be performed by a firm certified by the Canadian Welding Bureau to the requirements of CSA W47.1 in Division 2.

	1.3 Shop Drawings
	.1 Submit Shop Drawings in accordance with Section 01300 - Submittals.
	.2 Clearly indicate profiles, sizes, connections, attachments, reinforcing, anchorage, size and type of fasteners and accessories.
	.3 Include erection drawings, elevations, and details where applicable.
	.4 Indicate welded connections using CISC standard welding symbols.  Clearly indicate net weld lengths.
	.5 Shop Drawings and design briefs are to be signed and sealed by a Professional Engineer registered in the Province of Manitoba.


	2. PRODUCTS
	2.1 Materials
	.1 Steel: conforming to CAN/CSA-G40.21; Type W with minimum yield strength of 300 MPa.
	.2 Welding Materials: conforming to CSA W59
	.3 Bolts, Nuts, and Washers: conforming to ASTM A325 unless specified otherwise. 
	.4 Concrete Anchors:  Epoxy grout adhesive anchors with stainless steel threaded bolts, manufactured by Hilti (Canada) Ltd. where indicated.
	.5 Steel grating: style 30M-102M as manufactured by Fisher & Ludlow using steel bearing bars and cross bars.  

	2.2 Finishes
	.1 Primer: CISC/CPMA 2-75
	.2 Galvanizing: conforming to CAN/CSA-G164; minimum 610 g/m2. 
	.3 Touch-up damaged galvanizing with minimum two (2) coats of zinc rich primer.

	2.3 General Fabrication
	.1 Verify all dimensions on-site prior to shop fabrication.
	.2 Fabricate items of sizes and profiles detailed on Drawings, with joints neatly fitted and properly secured.
	.3 Fit and shop assemble in largest practical sections, for delivery to Site.
	.4 Supply all components required for proper anchorage of miscellaneous metals.  Fabricate anchorage and related components of same material and finish as metal fabrications, unless otherwise specified or shown.
	.5 Weld connections where possible, otherwise bolt connections.  Counter-sink all exposed fastenings.  Cut off bolts flush with nuts.
	.6 Accurately form all connections and joints with exposed faces flush, mitres and joints tight.
	.7 Exposed welds and metal sections shall be smooth and flush; grind or file if required.
	.8 Provide for flush welded or hairline butt field joints.
	.9 Shop fabricate openings in members for other building components.  Reinforce openings to restore member to original design strengths.
	.10 Provide lugs, clips, brackets, hangers and struts as required for attaching miscellaneous metal items securely to building structure.
	.11 Thoroughly clean all surfaces of rust, scale, grease and foreign matter prior to prime painting or galvanizing.
	.12 Galvanize and prime paint items as shown.  Do not shop prime surfaces in contact with or embedded in concrete or requiring field welding.


	3. EXECUTION
	3.1 Examination
	.1 Before starting erection, examine other Work which may affect this Work.
	.2 Notify the Contract Administrator of any conditions which would prejudice proper installation of the Work.
	.3 Commencement of erection Work implies acceptance of existing conditions.

	3.2 Erection
	.1 Obtain Contract Administrator’s permission prior to Site cutting or making adjustments which are not part of scheduled Work.
	.2 Install items plumb, square and level, fit accurately, and maintain free from distortion or defects detrimental to appearance and performance.
	.3 Make provision for erection stresses and temporary bracing.  Keep Work in alignment at all times.
	.4 Replace items damaged in course of installation.
	.5 Perform required field welding.  Exposed welds shall be smooth and flush; grind or file if required.
	.6 Perform necessary cutting and altering for the installation of Work of other Sections, and as indicated on Drawings.  No additional cutting is to be done without the permission of the Contract Administrator.
	.7 Perform all field assembly bolting and welding to match standard of shop bolting and welding.  Bolts and screws are to be concealed whenever possible.
	.8 After installation, touch up field bolts, nuts, welds, and scratched and damaged prime painted surfaces.  Field touch-up primer to be same as shop primer.  Touch up galvanized surfaces with two (2) coats of zinc rich primer.
	.9 Supply, to appropriate sections, items required to be cast into concrete and built into masonry, complete with necessary setting templates.
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	1. GENERAL
	1.1 Scope of Work
	.1 The Contractor shall furnish, fabricate (where necessary), and install all fiberglass reinforced plastic (FRP) items, with all appurtenances, accessories and incidentals necessary to produce a complete, operable and serviceable installation as shown on the Contract Drawings and as specified herein, and in accordance with the requirements of the Contract Documents.

	1.2 References
	.1 The publications listed below (latest revision applicable) form a part of this specification to the extent referenced herein.  The publications are referred to within the text by the designation only.
	.1 ASTM Test Methods:
	.1 ASTM D 635 - Rate of Burning and/or Extent and Time of Burning of Self Supporting Plastics in a Horizontal Position
	.2 ASTM D-638 - Tensile Properties of Plastics
	.3 ASTM D-696 - Coefficient of Linear Thermal Expansion for Plastics
	.4 ASTM D-790 - Flexural Properties of Unreinforced and Reinforced Plastics
	.5 ASTM D-2344 - Apparent Interlaminar Shear Strength of Parallel Fibre Composites by Short Beam Method
	.6 ASTM E-84 - Surface Burning Characteristics of Building Materials



	1.3 Contractor Submittals
	.1 The Contractor shall furnish shop drawings of all fabricated structural systems and accessories in accordance with the provisions of this Section.
	.2 The Contractor shall furnish manufacturer's shop drawings clearly showing material sizes, types, styles, part or catalog numbers, complete details for the fabrication of and erection of components including, but not limited to, location, lengths, type and sizes of fasteners, clip angles, member sizes, and connection details.
	.3 The Contractor shall submit the manufacturer’s published literature including structural design data, structural properties data, corrosion resistance tables, certificates of compliance, test reports as applicable, and design calculations for systems not sized or designed in the contract documents, sealed by a Professional Engineer, registered in the Province of Manitoba.
	.4 The Contractor may be requested to submit sample pieces of each item specified herein for acceptance by the Contract Administrator as to quality and color.  Sample pieces shall be manufactured by the method to be used in the WORK.

	1.4 Quality Assurance
	.1 All items to be provided under this Section shall be furnished only by manufacturers having a minimum of ten (10) years experience in the design and manufacture of similar products and systems. Additionally, if requested by the Contract Administrator, a record of at least five (5) previous, separate, similar successful installations in the last five (5) years shall be provided.
	.2 Manufacturer shall offer a 2-year limited warranty on all FRP products against defects in materials and workmanship.
	.3 Manufacturer shall be certified to the ISO 9001-2000 standard.  
	.4 Manufacturer shall provide proof of certification from at least two other quality assurance programs for its facilities or products (UL, DNV, ABS, USCG, AARR) to the Contract Administrator.

	1.5 Product Delivery and Storage
	.1 Delivery of Materials: Manufactured materials shall be delivered in original, unbroken pallets, packages, containers, or bundles bearing the label of the manufacturer.  Adhesives, resins and their catalysts and hardeners shall be crated or boxed separately and noted as such to facilitate their movement to a dry indoor storage facility.
	.2 Storage of Products: All materials shall be carefully handled to prevent them from abrasion, cracking, chipping, twisting, and other types of damage.  Store adhesives, resins and their catalysts and hardeners in dry indoor storage facilities between 21ºC to 29ºC until they are required.


	2. PRODUCTS
	2.1 Manufacturers
	.1 Pultex Series by Creative Pultrusions Inc.
	.2 Strongwell
	.3 IMCO Reinforced Plastics Inc.
	.4 Dynaform by Fibergrate Canada

	2.2 General
	.1 All FRP items furnished under this Section shall be composed of fiberglass reinforcement and resin in qualities, quantities, properties, arrangements and dimensions as necessary to meet the design requirements and dimensions as specified in the Contract Documents.
	.2 Fiberglass reinforcement shall be continuous roving in sufficient quantities as needed by the application and/or physical properties required.
	.3 Resin shall be polyester or vinyl ester for all systems with chemical formulations as necessary to provide the corrosion resistance, strength and other physical properties as required.  
	.4 All finished surfaces of FRP items and fabrications shall be smooth, resin rich, free of voids and without dry spots, cracks, crazes or unreinforced areas.  All glass fibers shall be well covered with resin to protect against their exposure due to wear or weathering.
	.5 All FRP products shall have a tested flame spread rating of 25 or less per ASTM E84 Tunnel Test.   

	2.3 Design Requirements:
	.1 Loadings:  Design to support, within stress and deflection limitations, following loadings:
	.1 Gravity load:  Downward vertical loads shall include weight of baffles, and appurtenant attachments to baffles.
	.2 Buoyant load:  Buoyant load shall act vertically upward, magnitude equal to weight of displaced water (baffles and support framing weights neglected).
	.3 Lateral load:  Loads acting against baffles; specifically, as follows:
	.1 Longitudinal Baffles: Top half of baffle 2.0 kPa away from existing concrete tank wall, bottom half of baffle 2.0 kPa toward existing concrete tank wall.
	.2 Transverse Baffles: 2.0 kPa in direction of fluid flow.

	.4 Longitudinal load:
	.1 Longitudinal Baffles: 1.3kN in direction of fluid flow located at the top corner joint of each baffle panel support frame.


	.2 Thermal Stress:  Design to accommodate temperature induced stresses resulting from differences in coefficients of thermal expansion (contraction) between baffles and support materials.
	.3 Deflection Under Load:
	.1 Maximum vertical deflection under full buoyant or gravity load shall be equal to or less than L/1,000, where L defined as unsupported length in mm.  Maximum vertical deflection, measured at mid point between supports, shall not exceed 5 mm.
	.2 Maximum horizontal deflection under full lateral load shall be equal to or less than D/100, where D defined as baffle height, in mm.  Maximum deflection shall not exceed 5 mm.

	.4 Supports:
	.1 Space baffle support brackets as shown on Drawings and design for maximum deflection of  baffles of  3 mm; stresses encountered during installation, filling, and draining of structures in which they will be placed; and normal Operation and Maintenance of equipment.


	2.4 Structural Shapes
	.1 All structural shapes are to be manufactured by the pultrusion process with a glass content minimum of 45%, maximum of 55% by weight.  The structural shapes shall be composed of fiberglass reinforcement and resin in qualities, quantities, properties, arrangements and dimensions as necessary to meet the design requirements and dimensions as specified in the Contract Documents.
	.2 Fiberglass reinforcement shall be a combination of continuous roving, continuous strand mat, and surfacing veil in sufficient quantities as needed by the application and/or physical properties required.
	.3 Resins shall be fire retardant isophthalic polyester or vinyl ester with chemical formulation necessary to provide the corrosion resistance, strength and other physical properties as required. Resin shall be suitable for service in temperature range of 5ºC to 25ºC.
	.4 Pultruded structural shapes are to have the minimum longitudinal mechanical properties listed below:

	2.5  FRP Plate 
	.1 Manufacture: Plate shall be of a one piece molded construction manufactured by building up multiple layers of resin-impregnated fiberglass reinforcements that are continuous and equally oriented in the length and width directions.  The plate shall have a nominal thickness of minimum 13mm.  Percentage of glass (by weight) shall not exceed 35% so as to achieve maximum corrosion resistance, and as required to maintain the structural requirements of the Contract.  After molding, no dry glass fibers shall be visible on any surface.  All surfaces shall be smooth and uniform with no evidence of fiber orientation irregularities, interlaminar voids, porosity, resin rich or resin starved areas.
	.2 Surfacing: Plate shall have an ungritted surface. 
	.3 Fire rating: Plate shall be fire retardant with a tested flame spread rating of 25 or less when tested in accordance with ASTM E84.  Certifications shall be dated within the past two years and test data performed only on the resin shall not be acceptable.
	.4 Resin system: The resin shall be polyester or vinyl ester for all systems with chemical formulations as necessary to provide the corrosion resistance, strength and other physical properties as required.  Manufacturer may be required to submit corrosion data from tests performed on actual plate products in standard chemical environments. Corrosion resistance data of the base resin from the manufacturer is not a true indicator of plate product corrosion resistance and shall not be accepted. Resin shall be suitable for service in temperature range of 5ºC to 25ºC.
	.5 Glass Reinforcing:
	.1 Type C (chemical) glass surfacing mat, 10 to 20 mils thick, with silane finish and styrene soluble binder.
	.2 Type E (electrical borosilicate) glass mat with chrome or silane finish and styrene soluble binder of appropriate number of plies to achieve required thickness.

	.6 Color: yellow or dark grey as determined by Contract Administrator. Each laminate layer shall contain pigment to produce color throughout panel.
	.7 Depth: minimum 13 mm with a tolerance of plus or minus 1.6mm.
	.8 Baffle panels fabricated from plate stock with cut edges, and notches are not acceptable. 
	.9 Where baffle panels are nonstandard length or have nonstandard mounting hole configurations, seal machined or cut edges with resin.
	.10 Substitutions:  Other products of equal strength, stiffness, corrosion resistance and overall quality may be submitted with the proper supporting data to the Contract Administrator for approval in accordance with B6 Substitutes.
	.11  FRP plates are to have the minimum mechanical properties listed below:
	.12 Manufacture to provide two additional longitudinal baffle panels for City to store on-site for maintenance repairs. Contract Administrator to designate area for storage.

	2.6 Miscellaneous Materials 
	.1 Anchor Bolts:
	.1 Manufacturers:
	.1 Stud Anchor by Hilti, Inc.
	.2 Redhead Wedge Anchor by ITT Phillips Drill Division.
	.3 Rawl Stud by Rawl Plug Company, Inc., or equal.

	.2 Series 304 stainless steel expansion anchors.

	.2 Fasteners:  
	.1 Series 316 stainless steel hex bolts, flat washers, and hex nuts of size as determined by manufacturer.



	3. EXECUTION
	3.1 Fabrication
	.1 Measurements: Structural Shapes supplied shall meet the minimum dimensional requirements as shown or specified.  The Contractor shall provide and/or verify measurements in field for work fabricated to fit field conditions as required by manufacturer to complete the work. Determine correct size and locations of required holes or coping from field dimensions before structural shape fabrication. Cast each segment in one piece without joining by bonding or bolting. Use integrally molded aluminum or galvanized steel angle stiffeners to limit deflection. Do not bolt or bond stiffeners.
	.2 Sealing: All shop fabricated cuts or drilling shall be coated with polyester or vinyl ester resin to provide maximum corrosion resistance.  All field fabricated cuts or drilling shall be coated similarly by the contractor in accordance with the manufacturer's instructions.
	.3 Laminate shall consist of alternating layers of woven roving and chopped mat.  Following hardening of final layer of laminate, flush coat of pure resin containing wax shall be applied to ensure complete cure of laminate.
	.4 Hardware: Type 316 stainless steel bolts shall be provided for assembly.  Type 304SS anchor bolts shall be supplied for anchoring.

	3.2 Inspection
	.1 Shop inspection is authorized as required by the Contract Administrator and shall be at the City’s expense.  The fabricator shall give ample notice to Contractor prior to the beginning of any fabrication work so that inspection may be provided. 
	.2 The plate and structural shapes shall be as free, as commercially possible, from visual defects such as foreign inclusions, delamination, blisters, resin burns, air bubbles and pits.  The surface shall have a smooth finish (except for grit top surfaces).

	3.3 Installation
	.1 Contractor shall install plate and structural shapes in accordance with manufacturer’s assembly drawings.  
	.2 Fasten materials securely in place with fasteners as specified herein.  
	.3 Field cut and drill fiberglass reinforced plastic products with carbide or diamond tipped bits and blades.  Seal cut or drilled surfaces in accordance with manufacturer's instructions.  Follow manufacturer's instructions when cutting or drilling fiberglass products or using resin products.

	3.4 FIELD QUALITY CONTROL
	.1 After installation is complete, test baffles under normal operating conditions in the presence of the Contract Administrator.
	.2 Repair leaks or other imperfections found upon testing.
	.3 Repair damaged panels.
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	1. GENERAL
	1.1 Work Included
	.1 Prepare surfaces which are to receive finish.
	.2 Finish surfaces as indicated in the schedule at the end of this Section.

	1.2 Related Sections
	.1 Metal Fabrications: Prime painting:  Section 05500

	1.3 Quality Assurance
	.1 Acceptable manufacturers, materials, workmanship and all items affecting the Work of this Section is to be in accordance with Canadian Painting Contractors Association (CPCA) "Architectural Painting Specification Manual".
	.2 Prior to ordering paints, submit to the Contract Administrator for review a complete schedule of paint materials proposed for use.  This schedule shall include manufacturers name, brand name or code number, type and recommended application.

	1.4 Colour Schedule
	.1 Paint colours shall be as selected by the Contract Administrator.
	.2 Prior to commencement of Work, the Contract Administrator will furnish three (3) copies of colour schedule.

	1.5 Samples
	.1 Prepare 300 mm x 200 mm samples of paint type finishes when requested by Contract Administrator.  Apply finishes on identical type materials to which they will be applied on job.
	.2 Identify each sample as to finish, colour name and number and sheen name and gloss units.

	1.6 Delivery
	.1 Deliver paint materials in sealed original labelled containers, bearing manufacturers name, type of paint, brand name, colour designation and instructions for mixing or reducing.

	1.7 Storage
	.1 Provide adequate storage facilities.  Store paint materials at a minimum ambient temperature of 8(C and in a well ventilated area.
	.2 Take all precautionary measures to prevent fire hazards and spontaneous combustion.

	1.8 Environmental Conditions
	.1 Ensure surface temperatures or the surrounding air temperature is above 5(C before applying finishes.  Minimum application temperatures for latex paints for interior Work is 7(C and for exterior Work 10(C.
	.2 Provide adequate continuous ventilation and sufficient heating facilities to maintain temperatures above 7(C for 24 hours before, during and 48 hours after application of finishes.
	.3 Provide minimum 25 foot candles of lighting on surfaces to be finished.

	1.9 Protection
	.1 Adequately protect other surfaces from paint and damage.  Make good any damage as a result of inadequate or unsuitable protection.
	.2 Furnish sufficient drop cloths, shields and protective equipment to prevent spray or droppings from fouling surfaces not being painted and in particular, surfaces within storage and preparation area.
	.3 Place cotton waste, cloths and material which may constitute a fire hazard in closed metal containers and remove daily from site.
	.4 Remove all electrical plates, surface hardware, fittings and fastenings, prior to painting operations.  These items are to be carefully stored, cleaned and replaced on completion of work in each area.  Do not use solvent that may remove the permanent lacquer finish to clean hardware.


	2. PRODUCTS
	2.1 Materials
	.1 Paint materials to be products of a single manufacturer.
	.2 All painting materials shall be the best quality and shall be accepted by the Contract Administrator.
	.3 Paint shall not be settled, caked or thickened in the container, shall be readily dispersed with a paddle  to a smooth consistency, and shall have excellent application properties.
	.4 Paint shall arrive on the job colour-mixed except for tinting of undercoats and possible thinning.
	.5 All thinning and tinting materials shall be as recommended by the manufacturer for the particular material thinned or tinted.
	.6 Mixed colours shall match colour selection made by the Contract Administrator prior to application of the coating.
	.7 Paint shall be ready mixed except field catalyzed coatings.  Process pigments to a soft paste consistency, capable of being readily and uniformly dispersed to a homogeneous coating.
	.8 Paint shall have good flow and brushing properties; capable of drying or curing free of streaks or sags.
	.9 Paint Accessory Materials: Linseed oil, shellac, turpentine, and other materials not specifically indicated but required to achieve the finishes specified, of commercial quality.
	.10 Acceptable manufacturers: Pratt & Lambert, Benjamin Moore, C.I.L.
	.11 Acceptable manufacturers for galvanized areas: Carboline  


	3. EXECUTION
	3.1 Conditions of Surfaces
	.1 Thoroughly examine all surfaces schedule to be painted prior to commencement of Work.  Report in writing to the Contract Administrator any condition that may potentially affect proper application.  Do not commence until all such defects have been corrected.
	.2 Measure moisture content of surfaces using an electronic moisture meter.  Do not apply finishes unless moisture content of surfaces are below maximums established by the paint manufacturer.
	.3 Beginning of installation means acceptance of existing surfaces.

	3.2 Preparation of Surfaces
	.1 Impervious Surfaces: remove mildew by scrubbing with a solution of T.S.P. and bleach.  Rinse with clean water and allow surface to dry completely.
	.2 Galvanized surfaces:  remove surface contamination and oils from surfaces and wash with solvent.  Apply a coat of etching type primer.
	.3 Zinc coated surfaces:  remove surface contamination and oils from surfaces and prepare for priming in accordance with metal manufacturers recommendations.
	.4 Remove stains caused by weathering of corroding metals from concrete with a solution of sodium metasilicate after being thoroughly wetted with water.  Allow to thoroughly dry.
	.5 Steel and iron surfaces: remove grease, rust, scale, dirt and dust from surfaces.  Where heavy coatings of scale are evident, remove by wire brushing, sandblasting or any other necessary method.  Ensure all steel surfaces are satisfactory before paint finishing.
	.6 Unprimed Steel Surfaces:  clean by washing with solvent.  Apply a treatment of phosphoric acid solution, ensuring weld joints, bolts and nuts are similarly cleaned.  Prime surfaces to identify defects.  Prime paint after defects have been remedied.
	.7 Existing painted surface: remove surface contamination and oils from surfaces. 

	3.3 Applications
	.1 Apply paint and other finishes in accordance with good trade practice.
	.2 Finishes specified are intended to cover surfaces satisfactorily when applied in accordance with manufacturer's recommendations.
	.3 Apply each coat at the proper consistency.
	.4 Each coat of paint is to be slightly darker than the preceding coat unless otherwise acceptable to the Contract Administrator.
	.5 Sand lightly between coats to achieve required finish.
	.6 Do not apply finishes on surfaces that are not sufficiently dry.
	.7 Allow each coat of finish to dry before a following coat is applied, unless directed otherwise by manufacturer.

	3.4 Protection
	.1 Protect other surfaces from paint or damage.  Repair damage.
	.2 Furnish drop cloths, shields, and protective methods to prevent spray or droppings from disfiguring other surfaces.
	.3 Collect cotton waste, cloths and material which may constitute a fire hazard, place in closed metal containers and remove daily from Site.

	3.5 Cleaning
	.1 As Work proceeds and upon completion, promptly remove all paint where spilled, splashed or spattered.
	.2 During the progress of Work keep the premises free from any unnecessary accumulation of tools, equipment, surplus materials and debris.
	.3 Upon completion of Work leave premises neat and clean, to the satisfaction of the Contract Administrator.

	3.6 Painting Schedule
	.1 Interior Painting:
	.1 Primed Metal Surfaces:
	.1 One (1) coat enamel undercoat
	.2 Two (2) coats alkyd semi-gloss enamel

	.2 Galvanized Metal Surfaces:
	.1 One (1) coat Galvoseal WB
	.2 Two (2) coats Carbogard 890

	.3 Existing Painted Surfaces:
	.1 One (1) coat enamel undercoat
	.2 Two (2) coats alkyd semi-gloss enamel
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	1. GENERAL
	1.1 Intent
	.1 Provide complete, fully tested, and operational process systems to meet 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 stated otherwise.  They establish scope, material, and installation quality, and are not detailed installation instructions.
	.3 Follow manufacturer’s recommended installation instructions and procedures for equipment, supplemented by requirements of Contract Documents.
	.4 Install equipment generally in locations and routes shown, with minimum interference with other services or free space.  Remove and replace improperly installed equipment to the 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 other contractors or by the City.  Uncrate equipment, move in place and install complete; start-up and test.

	1.2 Regulations
	.1 All Work carried out under this Division shall be in full accordance with all applicable Codes, Regulations, Bylaws, and Ordinances and nothing in the Drawings and Specifications shall remove this responsibility.

	1.3 Permits, Fees and Inspections
	.1 Apply for all permits, supply all test certificates and pay all fees to authorities having jurisdiction regarding the installation and inspection of the complete process systems, installed under this Contract.

	1.4 Existing Conditions and Other Trades
	.1 Visit the Site to determine existing conditions affecting the Work of this Division.  Failure to do so shall not remove the responsibility for the effects of such conditions on the Work.
	.2 Examine all Drawings and become fully familiar with the Work of other trades in all Divisions under this Contract. 
	.3 Cooperate with all other trades.  Pay particular attention to the proximity of the Work to all electrical cables, control conduits, and utilities.  Maintain maximum clear ceiling heights throughout.  Provide connections of sizes as shown on the Drawings for connection by other trades.

	1.5 Materials
	.1 Materials and equipment installed shall be new, full weight, and of quality specified.  Use same brand or manufacturer for each specific application.

	1.6 Scope of Work
	.1 Refer to Section 01010 for the Scope of Work.  The Work requires the supply and installation of such components as are necessary to construct complete functional and operational systems for all Sections of the Work.
	.2 Consideration will not be granted for any alleged misunderstanding of the extent of the Work to be performed.  Submitting a Bid shall convey full agreement to all items and conditions specified, indicated on the Drawings, and required by the nature of the Site.

	1.7 Discrepancies and Omissions
	.1 These Specifications shall be considered as an integral part of the Drawings, which accompany them, and neither the Drawings nor Specifications shall be used alone.  Any items or subject omitted from one but which is mentioned or indicated in the other shall be considered as properly and sufficiently specified and shall therefore be provided.
	.2 Should the Contractor find discrepancies or omissions in the Contract Documents, or be in doubt as to the intent thereof, he shall immediately obtain clarification from the Contract Administrator.

	1.8 Transportation and Hoisting
	.1 Assume responsibility for transportation, hoisting, warehousing, and demurrage for all equipment and materials to be furnished and installed under this Division.

	1.9 Definitions and Interpretations
	.1 Where the term “Provide” is used herein, it shall be understood to include labour, materials, and services necessary to supply, install, and make functional the items or Work referenced.
	.2 Where the term “Instructions” or “As Instructed” or “Where Instructed”, etc. is used herein, it shall be understood to mean as instructed in writing by the Contract Administrator.
	.3 Where the term “Listed” is used herein, it shall be understood to mean that the materials or equipment have been tested in accordance with applicable standards and methods, have been approved and listed for the intended use by a testing authority which itself has been approved by the authorities having jurisdiction.
	.4 Where the term “Approved,” “Approval”, etc. is used herein, it shall be understood to mean approved by Authorities having jurisdiction as conforming to Codes, Standards, Bylaws, etc.
	.5 Where the term “Acceptable” or “Acceptance”, etc. is used herein, it shall be understood to mean acceptable to the Contract Administrator as conforming to the requirements of the Contract Documents.
	.6 Where the term “Submit for Review” is used herein, it shall be understood to mean submit to the Contract Administrator.
	.7 Where the term “Subject to Review” etc. is used herein, it shall be understood to mean Work shall be laid out for review by the Contract Administrator.  No Work shall proceed until written instructions have been obtained from the Contract Administrator.  Submit further information, Shop Drawings, samples, etc. as specified and/or as may be reasonably requested by the Contract Administrator.
	.8 Where the term “Accessible” is used herein, it shall be understood to mean readily approachable by person or tools as required and where obstacles may be removed and replaced without cutting or breaking out materials.
	.9 Where working pressure or pressure ratings are specified or shown on the Drawings for valves, piping, fittings, equipment, etc., these items shall be suitable for operating at specified pressures and corresponding temperature unless noted otherwise.

	1.10 Shop Drawings
	.1 Refer to Section 01300 for the general requirements for Shop Drawings.
	.2 For specific requirements for Shop Drawings for various pieces of equipment, refer to the relevant specific Sections describing the equipment.
	.3 Shop Drawings shall be complete; capable of illustrating fully that the product to be supplied is in accordance with the Specifications; including design considerations, materials, and accessories and spare parts.  Include wiring diagrams for power supply and control schematics for all electrically powered and/or controlled equipment.
	.4 Shop Drawings, which are not considered complete, will be returned to the Contractor “Not Reviewed” or “Rejected”.  It is the responsibility of the Contractor prior to submittal to ensure that they are in accordance with the requirements of the Specifications.
	.5 Submit Shop Drawings in an expedient fashion in accordance with the Contract requirements and allowing sufficient time for review and implementation prior to Contract completion.
	.6 Shop Drawings of equipment supplied under other contracts will be made available to the Contractor to assist in the installation.

	1.11 Coordination
	.1 Coordinate locations of openings, housekeeping pads, and anchor bolts with other Divisions.
	.2 Coordinate the connection of the services of other Divisions to the equipment and material supplied under this Division.

	1.12 Minor Changes
	.1 Equipment and materials shall be located and arranged generally as shown on the Drawings.  However, minor changes may be required to suit the precise requirements of the actual equipment or materials supplied, or to avoid conflict between services.
	.2 Prior to the installation of the relevant equipment or materials, the Contractor shall advise the Contract Administrator of the requirement for any minor changes (including box-outs and coring) and shall undertake such minor changes as instructed by the Contract Administrator.  Such changes shall be undertaken at no extra cost except where the connection or arrangement is modified in length, or alignment, or position, by more than 1 m; or if the change involves the addition of more than two fittings greater than 150 mm in diameter.

	1.13 Housekeeping Pads
	.1 Housekeeping pads are required for all pieces of equipment unless otherwise noted.  Dimensions shown on the Drawings are for guidance only.  Housekeeping pads shall be at least 100 mm larger than the equipment base plates a minimum of 100 mm deep, unless greater or lesser depths are required to support the equipment at the proper elevation.  The final housekeeping pad dimensions shall be based on the dimensions of the actual equipment to be installed, and the manufacturer’s recommendations.
	.2 The Contractor shall coordinate the location and installation of all the housekeeping pads, to be done by other Divisions.

	1.14 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 Specifications.
	.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.


	1.15 Cutting and Patching
	.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 Patch building where damaged from equipment installation, improperly located holes, etc.  Use matching materials as specified in the respective Section.

	1.16 Substantial and Total Performance
	.1 Prior to Substantial Performance Inspection, provide complete list of items, which are deficient at the time of the Substantial Performance Inspection.
	.2 Perform the following items prior to Substantial Performance Inspection.
	.1 Make systems capable of operation with alarm controls functional and automatic controls in operation generally, but not necessarily finally calibrated.
	.2 Make necessary tests on equipment including those required by authorities.  Obtain certificates of approval.
	.3 Complete valve tagging and identify equipment.  Paint equipment and piping, and install escutcheons.
	.4 Lubricate equipment as per manufacturer’s instructions.
	.5 Mail warranty forms to manufacturer.  Provide copy of original warranty for equipment which has warranty period longer than one year.
	.6 Submit O&M Manuals as in accordance with Section 01300.

	.3 Prior to Total Performance Inspection, provide declaration in writing that deficiencies noted at time of Substantial Performance Inspection have been corrected and the following items completed prior to the Total Performance Inspection:
	.1 Complete final calibration of controls.

	.4 The Contractor shall provide qualified personnel in appropriate numbers to operate the facility until Substantial Performance is declared.

	1.17 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 crates and polyethylene covers.
	.3 Thoroughly clean both existing and new piping, ducts and equipment of dirt, cuttings, and other foreign substances.
	.4 Ensure that existing equipment is carefully dismantled and not damaged or lost.  Do not reuse existing materials and equipment unless specifically indicated.

	1.18 Temporary Usage
	.1 Usage by the City of any process device, apparatus, machinery, or equipment prior to Total Performance being issued is not to be construed as acceptance.

	1.19 Painting and Identification
	.1 Coordinate colour coding of piping and equipment with that of the existing plant.  All piping and equipment is to be painted.
	.2 Legend and direction of flow arrows shall consist of adhesive backed labels, yellow colour, with minimum 20 mm high black lettering equal to Brady System B-500, vinyl cloth labels for non-insulated surfaces; and Brady B 946 for insulated surfaces.
	.3 Identify piping with labels, colour bands, and flow arrows.  Provide identification at 15 m maximum intervals, before and after pipes pass through walls, at all sides of tees, behind access doors and in equipment rooms as required.

	1.20 Acceptable Products and Acceptable Manufacturers
	.1 The first product specified in a product list is considered the “Design Standard” unless noted otherwise.  The Design Standard product has been used as the basis for design.  Dimensions, operating protocol, basic materials, etc. of the Design Standard have been incorporated in the design.
	.2 Where one or more Acceptable Products or Acceptable Manufacturers have been listed for an item of equipment, these are accepted as equivalent in concept to the Design Standard, if a Design Standard is listed.  Incorporation of equipment options to satisfy the intent of the Specifications such that the process system would function as intended with the Design Standard is the responsibility of the Contractor.  Modifications to the equipment services, supports, structure, etc., to suit Acceptable Products shall be the responsibility of the Contractor.
	.3 It remains the responsibility of the Contractor to ensure the products supplied are equal to the specified products in every respect, operate as intended, and meet the performance Specifications and physical dimensions of the specified product.
	.4 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.
	.5 Submit within 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 manufacturer’s 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.

	1.21 Delivery Schedule
	.1 The Contractor is to coordinate the equipment and material delivery schedule with the suppliers of the equipment and materials supplied under this Contract to suit the construction schedule.  The dates for delivery shall be identified within 20 working days of Contract award.

	1.22 Delivery
	.1 The Contractor shall be responsible for unloading the equipment and materials supplied under this Contract and shall examine all packages on delivery, compare with the shipping list, and inform the supplier, the Contract Administrator and the carrier of any visible damages or defects.  The Contractor shall arrange with the supplier to have the supplier replace any damaged or defective items.

	1.23 Storage
	.1 The Contractor shall provide temporary buildings and covered space for storage at the Site of all equipment prior to installation.  The location of such buildings will be subject to acceptance by the Contract Administrator and the City.
	.2 Pipe and any other materials shall be stored in a manner which prevents rust, deformation, weathering, or any other physical deterioration.  Covered space shall be provided by the Contractor if necessary to provide for this protection.
	.3 The Contractor shall adhere to the manufacturers’ storage recommendations.
	.4 Heated covered storage space shall be provided by the Contractor for sensitive items of equipment such as motors and pumps, as well as other equipment or supplies specified in this Division or other Divisions.

	1.24 Spare Parts and Special Tools
	.1 If spare parts or special tools are to be provided with any equipment specified, the specific parts or tools will be listed in the relevant Specification Section and are to be supplied with the equipment. 
	.2 Where the operation of the equipment for a period of two years would require that some specific spare parts are likely to be required, but are not listed in the Specification, the Contractor shall so inform the Contract Administrator.  Costs, delivery periods, and any other information relevant to the procurement of the identified spare parts shall be identified.
	.3 Where special tools are required for the maintenance or operation of a specific item of equipment, but are not listed, the Contractor shall so inform the Contract Administrator.  Costs, delivery periods, and any other information relevant to the procurement of the identified special tools shall be provided.
	.4 This clause does not relieve the Contractor of the responsibility to provide, at no cost, any spare parts required during the warranty period to repair malfunctioning or failed equipment.  At the end of the maintenance period, the spare parts inventory shall be replenished to allow for the above.
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	1. GENERAL
	1.1 Description
	.1 Installation, including the supply of anchor bolts, and testing of equipment supplied by others and supplied under other Sections in Division 11.

	1.2 Definitions and Interpretations
	.1 Testing: in this Division, testing is defined as the operation of a specific item of equipment under actual or simulated conditions for the purpose of ensuring the equipment satisfies its basic design criteria.  Testing shall be conducted by the Contractor.  All materials, labour, power and equipment required to conduct the tests shall be the Contractor’s responsibility.  The manufacturer is to provide technical assistance to the Contractor for the installation, testing, start-up, and commissioning of the equipment supplied.  Refer to Section 01650.
	.2 Commissioning: in this Division, Commissioning is defined as the operation of equipment systems under actual and/or simulated conditions for the purpose of ensuring the system performs its intended functions.  Refer to Section 01670.

	1.3 Submissions
	.1 Check all the Shop Drawings relative to the equipment and materials, dimensions, measurements, size of members, type of materials, controls, list of equipment being supplied, names of manufacturers, and other details to affirm that they are correct and conform to the requirements and intent of the Contract.
	.2 Where the Shop Drawings are submitted with coordination information missing, such as dimensions of structures, the Contract Administrator will return the submission as soon as practicable marked “Revise and Resubmit.”


	2. PRODUCTS
	2.1 Equipment Schedule
	.1 Unless indicated otherwise, supply and install all equipment listed on the Equipment Schedule, detailed on the equipment specification sheets, or shown on the Drawings.
	.2 Determine the extent of equipment to be supplied from the Specifications, list of equipment and materials and manufacturer's Drawings covering the equipment.  Furnish and install all additional materials necessary to complete the installation. 
	.3 Incorporate all ancillary devices in the installation including those providing for cooling water, seal water, lubricant supply, process drains, electrical connection, and instrumentation and control requirements.

	2.2 Mounting Requirements
	.1 Provide all supports, anchorage, and mounting of all equipment in accordance with the manufacturer’s recommendations, the National Building Code, and industry standard requirements, unless otherwise specified.
	.2 Design and provide all elements required to resist the calculated forces described herein or required by the element manufacturer.
	.3 Design anchorage for all equipment bases, supports, and foundations in accordance with National Building Code for Seismic Zone 0.
	.4 For rotating equipment, where specified, submit design notes and calculations for anchorage, signed and sealed by a Professional Engineer registered in the Province of Manitoba.


	3. EXECUTION
	3.1 Coordination
	.1 Coordinate the Work specified under this Section with the Work of other Sections to produce a complete and workmanlike job.
	.2 Coordinate the routing of electrical and control wiring and conduit with Division 16.

	3.2 Preparation
	.1 Before commencing installation of the Work, inspect and take field measurements and ensure that Work conducted previously in the area is not prejudicial to the proper installation of the Work.
	.2 Refer to the equipment specifications and specification sheets for assistance in determining the form in which equipment is to be shipped and the extent of field assembly required.
	.3 Dimensions shown on the Contract Documents for equipment bases, piping connections, etc., are approximate.  Correct to suit the exact dimensions of the equipment provided for each application.  Arrange any necessary modifications to piping connections, pipework, or other ancillaries at no cost and after acceptance by the Contract Administrator.
	.4 Schedule the visits to the Site of the manufacturer's representative for the times and periods specified in other sections.  Cooperate in his supervision of the installation and start-up.  Follow all reasonable instructions of the manufacturer's representative.  Should the Contractor require the manufacturer' representative to attend for longer or more frequent periods, he shall arrange this, at his own expense, with the manufacturer.

	3.3 Installation of Equipment
	.1 Install all equipment specified in other Sections, detailed on the equipment specification sheets, and shown on the Drawings.
	.2 Dimensions shown on the Contract Documents for equipment bases, piping connections, etc., are approximate.  Correct to suit the exact dimensions of the equipment provided for each application.  Arrange any necessary modifications to piping connections, pipework, or other ancillaries at no cost and after acceptance by the Contract Administrator.
	.3 Supply and install all necessary shims, gaskets, etc., required to complete the installation.
	.4 Provide for the use of all necessary lifting and loading equipment and all tools required to complete the installation.
	.5 Comply with the specific requirements for installation noted in other Sections of this Specification and with the instructions of the manufacturer.  Where there is a conflict in these requirements, identify the conflict to the Contract Administrator and proceed as directed.

	3.4 Equipment Bases and Anchorage
	.1 Equipment will be mounted on housekeeping pads in accordance with 11005 1.13.
	.2 For rotating equipment of 7.5 kW or above and for equipment requiring structural anchoring, set anchor bolts in advance.  Where required, set anchor bolts in sleeves to permit minor adjustment during installation.  Use machine base templates where shown.
	.3 Where equipment is supplied with a plate steel base, provide access holes in the top of the plate and use a pour grade, non-shrink, non-metallic grout as specified in the structural concrete Specifications to fill the entire void under the base.
	.4 Fixings to concrete structures shall be by adhesive anchors suitably designed for the application.

	3.5 Alignment
	.1 Set and align all rotating equipment in accordance with the more stringent requirements of either the manufacturer's requirements or the following:
	.1 Level base, use machinists level on all machined bases.
	.2 Align couplings to satisfy the following criteria:
	.3 Check for soft foot, maximum permissible 0.002 mm.

	.2 Where equipment undergoes a substantial differential temperature rise (30°C between driver and driven unit), provide precision benchmarks in foundation and on equipment and perform alignment at operating temperatures.
	.3 Demonstrate to the Contract Administrator and manufacturer’s representative the final alignment.

	3.6 Lubricants
	.1 Extend any inaccessible lubrication points and lubricant drains to convenient locations. 
	.2 Remove storage lubricant and provide the initial fill of new lubricants for the equipment. Lubricant grade to be as recommended by the manufacturer.
	.3 Provide a Lubrication Schedule for all process equipment.  Include the following:
	.1 Equipment name and number
	.2 Date(s) of lubrication
	.3 Lubricant type installed
	.4 Frequency of lubrication


	3.7 Vibration Survey
	.1 Conduct a vibration survey under normal operating conditions for all equipment with a motor size exceeding 37 kW and for smaller units where specified.
	.2 Use a calibrated vibration sensor, accepted by the Contract Administrator, and capable of measuring unfiltered vibration velocities and peak-to-peak amplitudes.  Select a sensor capable of measuring velocities at a precision of 0.1 mm/s and an accuracy of plus or minus 0.2 mm/s.
	.3 Monitor vibration in all three dimensions at the head and tail end of both the driver and driven units, at intermediate bearing points, and at other critical locations which may be identified by the Contract Administrator.
	.4 Record the vibration velocities for each item of rotating equipment and submit a report to the Contract Administrator detailing the findings.  Include a description of the measuring equipment, identification of equipment on which vibration monitoring was completed, description of conditions under which the test was conducted, and a listing of all of the collected data.
	.5 Unless specified otherwise, use unfiltered velocities as the vibration criteria.  Unfiltered velocities less than 5 mm/sec shall be considered acceptable.  Undertake corrective action where unfiltered velocities exceed 5 mm/sec.

	3.8 Noise Survey
	.1 Conduct a noise survey for all equipment over 37 kW and for smaller units where specified. 
	.2 Use a calibrated noise meter, accepted by the Contract Administrator, and capable of measuring noise in the A Scale at a precision of 0.5 dBA and an accuracy of 1.0 dBA.
	.3 Measure noise levels at an elevation similar to the major noise emitter from the equipment (bearing housing, muffler, etc.) and at a horizontal distance of 1.0 m. 
	.4 Record the noise levels for each item of equipment and submit a report to the Contract Administrator detailing the findings.  Include a description of the measuring equipment, identification of equipment on which noise level monitoring was completed, description of conditions under which the test was conducted, and a listing of all of the collected data.
	.5 Equipment is to operate at a noise level less than 85 dBA, when measured in free field at 1.0 m.  Noise requirements may be more stringent in areas where more than one item of process equipment is intended to operate concurrently.  Specific requirements for equipment that differ from 85 dBA are listed in the Sections related to those items of equipment.
	.6 Noise abatement features (acoustic panels, acoustic insulation, etc.) are specified in other Sections. 
	.7 In any process area, recommend whatever measures necessary to maintain a composite noise level below 90 dBA.  Where directed by the Contract Administrator, undertake those corrective actions.

	3.9 Quality Assurance Forms
	.1 Test all process equipment to ensure the equipment operates in accordance with the basic design criteria listed in the Specification Sections or equipment specification sheets.  Complete the series of forms that attest to the proper installation and functioning of the equipment.  Refer to Section 01650 and 01670 for the Forms.
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	1. GENERAL
	1.1 Description
	.1 This Section describes the pipe materials, fittings, appurtenances, installation and testing of the modified air supply pipes.
	.2 Existing air supply pipe system was installed in 1960s and pipe material is not known.
	.3 Use the general requirements specified in this Section integrally with the more specific requirements listed in Section 11055 – Detailed Piping Specification.
	.4 Piping supports are generally not shown on the process Drawings.  Provide the design of piping supports, pipe guides, expansion joints and anchors based upon final piping layout.  Typical support details and structural attachments shown on the Drawings indicate the level of quality that will be considered acceptable.
	.5 The Contractor must provide the necessary submittals and ensure the proper registration of piping systems and system components as required by the Manitoba Labour and Immigration.
	.6 Standard of Acceptance: items specified by manufacturer’s name and/or catalogue number form part of this Specification in order to define the standard regarding performance, quality of material and workmanship.  When used in conjunction with a referenced standard, shall be deemed to supplement the standard.
	.7 Work Not Included in this Section:
	.1 The following items are specified under other Sections of these Specifications:
	.1 The aeration pipes within the grit removal and pre-aeration tanks including droplegs and horizontal manifolds as specified in Section 11529 – Coarse Bubble Aeration Devices.



	1.2 Definitions
	.1 Pressure terms used in this and other related Sections are defined as follows:
	.1 Operating Limits: the minimum and maximum pressure at which the piping system operates for sustained periods of time
	.2 Test Pressure: the hydrostatic pressure used to determine system compliance.

	.2 Pipe and appurtenance location terms used in this and other related Sections are defined as: 
	.1 Tunnels, Pumphouse and Buildings: within an environmentally controlled enclosure where temperature is maintained above 5C.
	.2 Exposed, Aboveground: outside or within an enclosure which is not environmentally controlled so that the temperature is maintained above 5C.  For the purpose of defining exterior protection systems, this definition is extended to vertical piping to a point of 0.5 m below finished ground level.
	.3 Underground or Buried: placed in soil and not tied to structures.
	.4 Below Structures: below concrete slabs such as tanks, channels, buildings, pipe chases, foundation slabs, etc., but not including roadways or walkway structures.
	.5 Submerged: regularly or occasionally immersed in liquid; inside tanks or channels, and within 3.0 m above maximum water level of open tankage, including pipe and appurtenances within manholes, vaults, and chambers.


	1.3 Reference Standards
	.1 Conform to the most recent version of the following reference standards:
	.1 ANSI/ASME A13.1, Scheme for the Identification of Piping Systems
	.2 ANSI/ASME B1.20.1, Pipe Threads, General Purpose
	.3 ANSI/ASME B16.1, Cast Iron Pipe Flanges and Flanged Fittings, Class 25, 125, 250, and 800
	.4 ANSI/ASME B16.3, Malleable Iron Threaded Fittings Class 150 and 300
	.5 ANSI/ASME B16.5, Pipe Flanges and Flanged Fittings
	.6 ANSI/ASME B16.9, Factory-Made Wrought Steel Butt Welding Fittings
	.7 ANSI/ASME B16.11, Forged Steel Fittings, Socket Welding and Threaded.
	.8 ANSI/ASME B16.12, Cast Iron Threaded Drainage Fittings
	.9 ANSI/ASME B16.15, Cast Bronze Threaded Fittings, Classes 125 and 250
	.10 ANSI/ASME B16.18, Cast Copper Alloy Solder Joint Pressure Fittings
	.11 ANSI/ASME B16.22, Wrought Copper and Copper Alloy Solder Joint Pressure Fittings
	.12 ANSI/ASME B16.26, Cast Copper Alloy Fittings for Flared Copper Tubes
	.13 ANSI/ASME B31.3, Process Piping
	.14 ANSI/ASME B36.10M, Welded and Seamless Wrought Steel Pipe
	.15 ANSI/ASME B36.19M, Stainless Steel Pipe
	.16 ASTM A47, Malleable Iron Castings
	.17 ASTM A53, Pipe, Steel, Black and Hot Dipped, Zinc Coated Welded and Seamless
	.18 ASTM A105/A105M, Forgings, Carbon Steel, for Piping Components
	.19 ASTM A126, Grey-Iron Castings for Valves, Flanges, and Pipe Fittings
	.20 ASTM A135, Electric-Resistance-Welded Steel Pipe
	.21 ASTM A139, Electric-Fusion (ARC)-Welded Steel Pipe (NPS 4 and Over)
	.22 ASTM A167, Stainless Steel and Heat-Resisting Chromium-Nickel Steel Plate
	.23 ASTM A181/181M, Forgings, Carbon Steel, for General Purpose Piping
	.24 ASTM A234/A234M, Pipe Fittings of Wrought Carbon Steel and Alloy Steel for Moderate and Elevated Temperatures
	.25 ASTM A276, Stainless and Heat-Resisting Steel Bars and Shapes
	.26 ASTM A307, Carbon Steel Bolts and Studs, 60 000 psi Tensile Strength
	.27 ASTM A312/312M, Seamless and Welded Austenitic Stainless Steel Pipe
	.28 ASTM A320/320M, Alloy Steel Bolting Materials for Low-Temperature Service
	.29 ASTM A380, Standard Practice for Cleaning, Descaling and Passivation of Stainless Steel Parts, Equipment and Systems
	.30 ASTM A563, Carbon and Alloy Steel Nuts
	.31 ASTM A774/A774M, As-Welded Wrought  Austenitic Stainless Steel Fittings for General Corrosive Service at Low and Moderate Temperatures
	.32 ASTM A778, Welded, Unannealed Austenitic Stainless Steel Tubular Products
	.33 ASTM A967, Standard Specification for Chemical Passivation Treatment for Stainless Steel Parts
	.34 ASTM B32, Standard Specification for Solder Metal
	.35 AWWA M11, Steel Pipe - A Guide for Design and Installation
	.36 CSA CAN3-Z299.3, Quality Verification Program Requirements
	.37 EJMA STDS-93, Standards of Expansion Joint Manufacturers' Association, Edition No. 6
	.38 Fluid Sealing Association Technical Handbook, Rubber Expansion Joint Division
	.39 MIL-H-13528B, Hydrochloric Acid, Inhibited, Rust Removing
	.40 MSS SP25, Standard Marking System for Valves, Fittings, Flanges and Unions
	.41 MSS SP43, Wrought Stainless Steel Butt Welding Fittings
	.42 SSPC-P3, Canadian Government Standards Board
	.43 SSPC-SP6, Canadian Government Standards Board
	.44 SSPC-SP10, Canadian Government Standards Board
	.45 TSSA, Technical Standards and Safety Association
	.46 Provincial Building Code
	.47 Provincial Plumbing Code


	1.4 Design Requirements 
	.1 The design has been completed to the degree necessary for the Contractor to Bid.  It is not fully detailed and will require the Contractor to undertake design of and responsibility for minor aspects for the piping systems to be installed.
	.2 All process piping shall meet requirements of the Process Piping Code, B31.3, whether or not it falls within the Code scope.  Manitoba Department of Labour and Immigration shall be the Code Authority whenever the piping system falls within the Code scope.  The Contract Administrator shall be the Code Authority for process piping that does not fall within the Code scope.
	.3 Piping and Instrumentation Drawings, piping schematics, and piping layout drawings are contained in the Drawings set.  The Piping and Instrumentation Drawings (P&IDs) indicate all major pipework, valves, and appurtenances (other than cleanouts, purge points, etc.)  The layout drawings indicate the design concepts and are intended to illustrate a constructible method for the piping systems.  Some appurtenances, supports, guides and anchors, and expansion joints are not fully shown.  The Contractor’s design will complement and detail these Drawings.
	.4 It is understood that some conflicts will arise that will require that the Contractor re-route some of his piping to allow for the installation of wiring, ventilation duct, or similar.
	.5 The Contractor is required to engage a Professional Engineer registered in the Province of Manitoba to be responsible for the final aspects of the design.  The components of the design that will be generated will be as follows:
	.1 Final layout, illustrated using layout and isometric drawings.
	.2 Piping flexibility and stress analysis proving that the allowable stresses prescribed by the Process Piping Code B31.3 are not exceeded under any prescribed combination of conditions, and indicating the forces and moments in each direction under each condition at each support, guide or anchor.
	.3 Piping support system design, including details and spacing of all supports.  The support system will ensure that the weight of the pipework and the need for lateral and vertical support are considered fully.
	.4 Expansion and contraction design, including the layout and details for all necessary expansion joints needed to compensate for thermal expansion and contraction, structural movement, and the isolation of equipment.
	.5 Thrust restraint design, including thrust restraint required due to any forces imposed during construction, pressure testing, normal operation, and/or surging, if applicable.  The thrust restraint design shall include a minimum safety factor of 2.0 using the maximum thrust force that will be experienced during construction, pressure testing, normal operation, and/or surging, if applicable.  This requirement applies to new piping systems as well as to existing piping systems that may be modified.
	.6 The piping system shall have sufficient flexibility to prevent thermal expansion or contraction or movements of piping supports and terminals causing:
	.1 Failure of piping or supports from overstress or fatigue
	.2 Leakage at joints
	.3 Detrimental stresses or distortion in piping and valves or in connected equipment or piping systems not designed by the Contractor, resulting from excessive thrusts and moments in the piping.


	.6 Design documentation will be submitted to the Contract Administrator as necessary to indicate compliance with the requirements of the piping systems.  The documentation will be signed and sealed by a Professional Engineer registered in the Province of Manitoba, who must provide evidence of experience with such systems.
	.7 Note that for large diameter, thin walled (thickness less than 1 percent of diameter) piping comprehensive flexibility and stress analysis is required, even if the design met the exception granted under section 319.4.1(c) of the Process Piping Code B31.3.

	1.5 Submittals
	.1 For each piping system refer to Section 11055, submit documentation listing pipe, fittings, flexible connectors, expansion joints, linings, coatings, and valving to be used for each pipe size and category.
	.2 Radiographic Weld Testing
	.1 Submit the name and qualifications of at least two independent firms for the radiographic weld testing to be undertaken by the Contractor if and as required by the applicable Code.  The selected firm will be subject to the review and acceptance of the Contract Administrator.

	.3 A copy of this Specification Section and all referenced Sections with each paragraph check marked to show compliance or highlighted to indicate deviation.
	.4 For all pipes greater than or equal to 50 mm diameter, submit isometric drawings, to indicate the assembly details, the welds, flanges, valve placement, cathodic protection, expansion joints, guides, anchors, hangers, supports, and the provisions for thrust restraint, as well as any other pertinent details.
	.5 Submit piping layout drawings by plant area which indicate location and placement of valves, fittings and other appurtenances for all piping, greater or equal to 150 mm diameter, in that area.  Indicate location and clearances from structures and other utilities (ductwork, conduit, electrical tray, etc.)
	.6 Submit copies of all original submittals and all related correspondence made as part of the regulatory submission required by the Manitoba Department of Labour and Immigration and any submissions required by other regulatory authorities.
	.7 Product Samples
	.1 Where specified or when directed by the Contract Administrator, provide mill test results or product samples.

	.8 Provide hanger, guide, and anchor, support system design details including locations, load information, design calculations and illustrative drawings, signed and sealed by a Professional Engineer registered in the Province of Manitoba.  Refer to Section 11052. 
	.9 For expansion joints submit manufacturer's catalogue data, Shop Drawings and assembly drawings confirming general arrangement, dimensions, tolerances, materials of construction, weights and installation details.  Submit calculations to substantiate expansion joint selection and amount of pre compression, signed and sealed by a Professional Engineer registered in the Province of Manitoba.  Refer to Section 11053.
	.10 Welding
	.1 Prior to commencing any welding of stainless steel pipe, prepare and submit to the Contract Administrator a written description of welding techniques including but not limited to materials, methods, and quality control.  Identify differences in shop and field techniques.  Written procedures will be signed and sealed by a Professional Engineer registered in the Province of Manitoba and qualified for welding design.  For stainless steel welds exposed to process fluids, the weld procedure should provide for maximizing the corrosion resistance of the final weld as well as providing the mechanical strength required.

	.11 Radiographic weld test results
	.12 Prior to the commencement of welding, submit current and complete documentation of the welder's qualifications.

	1.6 Coordination
	.1 Process and Utility Piping identification
	.1 Refer to Section 11910 for process piping identification. 

	.2 Process and utility piping is identified in the Drawings by a two component alpha-numeric code, (Line Label) as follows: 
	.1 The first component of the code indicates the nominal line size.
	.2 The second component of the code identifies the process fluid, or commodity, being conveyed.
	.3 The commodity codes are defined in the Drawings.

	.3 Detailed process pipe specifications are provided for each commodity in Section 11055. 
	.4 Routing
	.1 Coordinate piping installation routes and elevations with installation of sheet metal, process equipment, HVAC, instrumentation, and electrical Work.

	.5 Pipe sleeves
	.1 Coordinate with other Divisions to locate and place sleeves in cast-in-place concrete and in masonry building elements prior to construction.

	.6 Coordinate with Division 17 to provide correct piping configuration for primary instrumentation elements.  For example, provide required minimum straight run of pipe upstream and downstream of flow meters.  Coordinate with Division 17 for meter manufacturer’s requirements.

	1.7 Quality Assurance
	.1 Welding certification
	.1 All welders are to be certified under the Manitoba Department of Labour and Immigration and Regulations.  As a minimum, welders will hold a Level B Journeyman Welder’s Certificate.
	.2 All welders who work on this project must provide the correct documentation.
	.3 Welders working on stainless steel piping must not work on welding of any other material.
	.4 Tools used for stainless steel piping welding must be new and marked for this use.  These tools must not be used for any other Work.  Tools must not be made of materials that could contaminate the stainless steel surface.

	.2 Weld tests
	.1 All piping welds shall be 100 percent visually inspected by a registered inspector and any imperfections shall be made good as required by the applicable Code and to the satisfaction of the Contract Administrator.
	.2 For piping required by the applicable Code to be subject to radiographic inspection, or for welds not found satisfactory during the Contract Administrator’s visual inspection provide for one full circumference radiographic inspection for every 20 welded pipe to pipe and pipe-to-fitting joints.  All sizes and types of pipe welds to be tested at locations identified by the Contract Administrator.
	.3 Contractor to provide for one full circumference radiographic inspection for every 20 welded pipe-to-pipe and pipe-to-fitting joints.  All sizes and types of pipe welds to be tested at locations identified by the Contract Administrator.
	.4 Have radiographic test firm evaluate welds in accordance with ANSI/ASME B31.3 Process Piping Code Normal Service and prepare report summarizing results.
	.5 Have radiographic weld test report, complete with results, submitted directly to Contract Administrator.
	.6 For each defective weld, three (3) additional radiographic inspections at locations identified by the Contract Administrator will be required plus a radiograph of the repair.

	.3 Regulatory submissions
	.1 Complete all regulatory submissions as required by the Manitoba Labour and Immigration.
	.2 Complete all other submissions as required by other regulatory authorities.


	1.8 Conflicts
	.1 Review the Drawings prior to installation of piping, conduit services, and fixtures by this or any other Division.  Identify any conflicts and cooperate with the Contract Administrator to determine the adjustments necessary to resolve these conflicts.
	.2 Confirm the routing of each section of pipework with other services prior to commencement of installation.  Advise the Contract Administrator of any conflicts with existing services or services yet to be installed.  Where necessary, amend the routing of pipework to avoid conflict and confirm with the Contract Administrator.

	1.9 Shipment, Protection and Storage
	.1 Refer to Section 01600 for Shipment and Storage.
	.2 Deliver pipe, fittings, and specials to Site using loading methods which do not damage pipe or coatings.
	.3 Piping materials delivered to Site will be clearly marked to indicate size, type, class/schedule, and coatings.
	.4 Until ready for incorporation in the Work, store on site as recommended by the piping materials manufacturer to prevent damage, undue stresses, or weathering.
	.5 Store materials at least 200 mm above ground with sufficient supports to prevent undue bending.
	.6 Protect non-UV light inhibited plastic from sunlight.
	.7 Ship pipe expansion joints, anchors, guides and flexible connectors pre-assembled to the degree which is practical.
	.8 Provide shipping devices to maintain the face-to-face dimension of each expansion joint during shipment, storage and installation.  Design and place shipping devices so as not to inhibit installation of the joints.

	1.10 Warranty
	.1 Contractor shall supply new materials and re-do the Work should materials be found to be defective or not in compliance with the Specifications, or should the workmanship be found to be inadequate or the Work was not performed in accordance with the Specifications and referenced standards, codes and regulations.  This warranty shall remain in effect for the maximum period of time allowed under Law.
	.2 Neither the Contract Administrator’s inspections, checks, or any other tests or subsequent authorization to proceed with the Work, nor the Contract Administrator’s waiving of the Contract Administrator’s right to perform such tests, nor the Contract Administrator’s decision not to solicit submission of material certificates or other quality assurance documentation relieve the Contractor from any degree of responsibility in regard to the Work or the corresponding warranty above.  The Contractor agrees that the Contract Administrator’s ability to fully assess the suitability of materials, procedures, worker qualifications and other relevant issues is limited.  The Contractor bears full responsibility and is solely liable in these matters.
	.3 The use of faulty materials or materials that do not meet the Specifications and referenced standards, codes and regulations shall constitute a hidden defect.
	.4 Employment of labour not properly qualified, the performance of the Work not in accordance with the Specifications and the referenced standards, codes and regulations, and the use of inadequate of sub-standard workmanship shall constitute hidden defects.


	2. PRODUCTS
	2.1 Function
	.1 Provide the pipe materials, fittings, and appurtenances as described below, for the piping systems shown. 

	2.2 Pipe Materials - General
	.1 All pipe materials to be new, free from defects and conforming to the reference standards identified in Section 11055.
	.2 Where any standard referenced has been superseded prior to bidding, the Contractor shall comply with the new standard.

	2.3 Pipe Sizes
	.1 Where the pipe size is not specified, provide pipe with the sizes required by the National Plumbing Code.  For small piping not described by the National Plumbing Code, use 13 mm nominal diameter.

	2.4 Fittings
	.1 General
	.1 Provide eccentric reducers in horizontal lines with the flat side on top, unless shown otherwise. 
	.2 Provide concentric reducers in vertical lines unless indicated otherwise. 
	.3 Provide fittings in concrete cylinder pipe fabricated from metal plate, cement lined and coated, and in accordance with AWWA C301.  Dimensions to AWWA C208. 

	.2 Steel Pipelines
	.1 75 mm diameter or greater: conform to ANSI B16.9, ANSI B16.11 or ANSI B16.5.  Provide fittings with a wall thickness equal to or greater than the pipe.  
	.2 Less than 75 mm diameter: provide threaded malleable iron fittings, conforming to ANSI B16.3.
	.3 Provide long radius steel grooved-joint fittings conforming to ANSI B16.9 in steel grooved-joint pipeline systems.  Grooved joint adapters may be welded to fitting ends; dimension and cut the groove of the adapter in accordance with the coupling manufacturer's recommendations; materials and inside diameter to be the same as the pipe; grind the interior weld smooth and meet the lining Manufacturer's recommendations.
	.4 For steel grooved-joint pipe of diameters of 150 mm and less, the Contractor may provide ductile iron grooved-joint fittings which have an outside diameter equal to the steel pipe diameter.  Provide ductile iron to ASTM A536, dimensioned to 1.5 diameter radius bends, and cut grooving dimensions to AWWA C606 IPS dimensions.  The lining and coating of the ductile iron fittings must equal the lining and coating of the steel pipeline system.
	.5 Standard radius elbows to dimensions of ANSI B16.5 may be provided on clean water grooved-joint piping systems only.

	.3 Stainless steel pipelines
	.1 Less than 75 mm diameter: provide fittings of the same class as the pipe, conforming to ASTM A403 and ANSI B16.11.
	.2 Equal to or greater than 75 mm diameter: fabricate fittings using similar materials and classes as the pipe and conform to ASTM A774 (scale removed). 


	2.5 Grooved Piping System, Stainless Steel Type 304 
	.1 General:
	.1 All grooved components shall be of one manufacture and approved for use by the authorities, agencies, codes, and standards named in the Specifications.

	.2 Grooved Couplings
	.1 Grooved couplings shall be manufactured from stainless steel conforming to ASTM A351, ASTM A743 or ASTM A744.
	.2 Grooved couplings to be designed with angle pads to provide a rigid joint, unless, otherwise noted.  Standard of Acceptance: Victaulic Style 489 (Victaulic Data Sheet 17.25).  Note: in some applications painted or galvanized ductile iron couplings may be used to joint stainless steel pipe.  Confirm with manufacturer.
	.3 Where expansion, contraction or angular deflection is designed into piping system flexible couplings shall be used.  Standard of Acceptance: Victaulic Style 77S and Victaulic Style 475 (Victaulic Data Sheet 17.03 and 17.14).

	.3 Grooved fittings: all grooved fittings to be manufactured from stainless steel conforming to ASTM A312, ASTM A403 or ASTM A774.  Standard of Acceptance: fittings manufactured by Victaulic (Victaulic Data Sheet 17.04).

	2.6 Gaskets
	.1 For flat-faced flanges, use full-face gaskets.  For Van Stone, lap joint and raised-face flanges, use full face or ring type gaskets.  Conform to ASTM B16.21.
	.2 Use gasket materials for flanged connections suitable for the temperature, pressure, and corrosivity of the fluid conveyed in the pipeline.  Refer to the Detailed Pipe Specification Sheets for the recommended gasket material.  Material designations used in the Detailed Pipe Specification Sheets are as follows:
	.1 EPDM: ethylene-propylene-diene-terpolymer 70 durometer
	.2 B1. Neoprene: neoprene (black) 70 durometer (not acceptable in stainless steel pipe systems)
	.3 Nitrile: nitrile (Buna N)
	.4 Natural rubber: natural rubber
	.5 Compressed synthetic fibres (Kevlar): ASTM F104 (F712400), and neoprene binder: 1.7 MPa (ASTM F152), 0.2 mL/h Leakage Fuel A (ASTM F37)
	.6 Compressed synthetic fibres (Kevlar): ASTM F104 (F712400) and SBR binder: 1.7 MPa (ASTM F152).  0.1 mL/h Leakage Fuel A (ASTM F37)
	.7 Gylon Type 1: Garlock Style 3500.  1.35 MPa (ASTM F152).  0.22 mL/h Leakage Fuel A (ASTM F37)
	.8 Gylon Type 2: Garlock Style 3510.  1.35 MPa (ASTM F152).  0.04 mL/h Leakage Fuel A (ASTM F37)
	.9 CPE - chlorinated polyethylene

	.3 Unless otherwise specified, minimum Gasket Material Thickness for full face gaskets:
	.1 Up to 250 mm pipe diameter: 1.6 mm thick
	.2 Greater than 250 mm pipe diameter: 3.2 mm thick

	.4 Unless otherwise specified, minimum gasket material thickness for raised face rings gaskets: 
	.1 Up to 100 mm pipe diameter: 1.6 mm thick
	.2 Greater than 100 mm pipe diameter: 3.2 mm thick

	.5 Grooved type gaskets:
	.1 Select material as recommended by the manufacturer for the service conditions indicated.
	.2 Unless otherwise specified; for epoxy- and glass-lined piping systems for solids-carrying liquids, provide end-seal type gaskets.
	.3 Unless otherwise specified, provide flush seal type gaskets for all other grooved joint systems.  Acceptable Products: Gustin-Bacon Rigigrip, Victaulic Flush-Seal. 


	2.7 Bolts and Nuts
	.1 Provide hex head bolts and nuts.  Threads to be ANSI B1.20.1, standard coarse thread series.
	.2 For general indoor service, use bolts conforming to ASTM A307, Grade A; nuts conforming to ASTM A563, Grade A.
	.3 Provide stainless steel bolts, nuts and washers for exposed, submerged, buried and concrete encased service; bolts conforming to ASTM A193, Grade B8, C1.1; nuts conforming to ASTM A194, Grade 8.  Provide these also for connections above normal water level but which may be subjected to direct contact with splashed water.
	.4 Provide hot dip galvanized bolts, nuts and washers for use with hot dip galvanized Van Stone flange back-up rings and Lap-joint flange back-up rings.
	.5 Provide hex nuts equal to or less than 25 mm.  Greater than 25 mm, provide heavy hex.

	2.8 Interior Finishes (Linings)
	.1 General
	.1 Provide products with factory applied linings and finishes unless otherwise noted.  Fittings and pipe of any one pipe system to be lined by the same manufacturer.
	.2 Do not shop coat the internal surface of stainless steel or plastic piping.
	.3 Provide No. 1 or No. 2B standard finish for gauge stainless steel pipe, as specified in ASTM A480.  Finish heavier pipe to No. 1 mill finish or better, as specified in ASTM A480. 
	.4 Unless otherwise specified, finish fittings in the same manner as the pipe run. 



	3. EXECUTION
	3.1 Preparation
	.1 Prior to installation, inspect and field measure to ensure that previous work is not prejudicial to the proper installation of piping.
	.2 Make all minor modifications to suit installed equipment and structural element locations and elevations.
	.3 Piping arrangements indicated on the Drawings have been established on the basis of the "Design Standard" listed in the specific process equipment sections.  If the equipment to be provided is not the Design Standard, modify the piping arrangement as necessary at no additional expense to the City.
	.4 Advise the Contract Administrator of all modifications.  Do not commence Work on the related piping until all modifications have been reviewed by the Contract Administrator.
	.5 Include any piping modifications in the Shop Drawings submitted prior to fabrication or installation.

	3.2 Pipe Handling
	.1 Inspect each pipe and fitting prior to installation.  Do not install damaged pipe or pipe with damaged protective coatings.  Do not use sections of large diameter, thin walled stainless steel piping that may have been deformed out of roundness or dimpled.  Such damaged sections shall be discarded.
	.2 Remove all foreign matter from inside of pipe prior to installation.
	.3 Repair pipe with damaged protective coatings with material similar to the original in accordance with the manufacturer's directions and to the satisfaction of the Contract Administrator.
	.4 Damaged glass lining cannot be repaired.  Damaged pipe must be replaced.
	.5 Use proper implements, tools, and facilities for the proper protection of the pipe.  Exercise care in the installation so as to avoid damage to pipe or coatings.
	.6 When lifting sections of large diameter, thin wall piping onto the supports, use methods that will prevent damage or deformation.  Lift evenly at several places to ensure that the piping deflection between lifting points does not exceed 6.3 mm.

	3.3 Installation
	.1 Fabricate and install process and pressure piping in accordance with the Process Piping Code B31.3 and the Manitoba Department of Labour and Immigration.  Fabricate and install domestic hot and cold water piping, sanitary piping, and storm drainage piping in accordance with the National Plumbing Code.
	.2 Make adequate provision in piping and pipe support systems for expansion, contraction, slope, and anchorage.  Supports, bracing, and expansion joints shown in the Drawings are schematic only.  The Contractor is responsible for the design, supply, and installation of the piping system in general accordance with the indicated requirements.
	.3 Install pipe support system to adequately secure the pipe and to prevent undue vibration, sag, or stress.
	.4 Install expansion joints where shown and at other locations as necessary to allow for piping expansion and contraction.
	.5 Provide temporary supports as necessary during construction to prevent overstressing of equipment, valves, or pipe.
	.6 Accurately cut all piping for fabrication to field measurements.  Process air piping sections shall be measured and cut at a temperature between 15°C and 20°C.  If the installation in the field takes place at lower outdoor temperatures, provide circulation of hot air inside the piping to expand the material such that flanges can be bolted.  Expansion joints for process air piping shall be blocked at their natural length at 15°C to 20°C and such that they will not deflect excessively during handling and installation.  These blocks shall be removed prior to pressure testing.
	.7 Install pipes in straight alignment.  For large diameter (500 nominal diameter and greater), thin-walled (6.4 mm and less) stainless steel piping provide laser alignment of all pipe supports.  Lateral and vertical misalignment between any three (3) consecutive supports shall not exceed the pipe wall thickness.
	.8 For piping other than large diameter, thin-walled stainless steel, do not exceed 10 mm in 10 m variance from the true alignment, in any direction.
	.9 Fabricate and assemble pipe runs so that the pipework is not stressed to achieve the desired alignment and that no stresses are transferred to equipment or equipment flanges.  The "springing" of pipework to ensure alignment is not permitted.  Undo and subsequently remake all pipework connections to ensure that springing does not occur.  Take care not to damage equipment, valves, or flanges.
	.10 Slope instrument air piping to condensate traps.  Provide condensate traps as recommended by the manufacturer of the instrument air compressor.
	.11 Do not cut or weaken the building structure to facilitate installation.
	.12 In parallel pipe runs, offset flanges, and grooved joint fittings by a minimum of 200 mm.
	.13 In vertical pipe runs of diameter greater than 250 mm, provide 200 mm long spool piece on lower side of each valve.
	.14 Provide aluminum watertight drip trays under pipe carrying corrosive commodities crossing over cable trays.  The drip trays will be 300 mm wider and 600 mm longer than the piping area over the cable tray. 

	3.4 Stainless Steel Welding
	.1 Conform to reviewed stainless steel pipe welding procedures, which have been signed and sealed by a Professional Engineer registered in the Province of Manitoba, and to Section 05500.
	.2 Remove all scale, rust, and any other surface deposits from the entire pipe and fittings before welding.  Be particularly thorough with the internal surface preparation.
	.3 For all stainless steel pipe intended to convey liquids, use inert gas backing for field and shop welds (GMAW or GTAW).  For these services, "Solar Flux" and similar products will not be allowed.
	.4 Ensure the first bead obtains full root penetration with a minimum of weld material projecting within the pipe.
	.5 Grind or buff all welds to a minimum radius of 6 mm on all edges and corners to achieve a smooth surface, eliminate any pockets and eliminate any protruding root passes.  Adhere to latest edition of NACE RP0178.  If material thickness will not allow 6 mm radius, make radius one half of material thickness.
	.6 Ensure the outside diameter weld (weld cap) is free of excessive weld cap and free of discoloration due to welding.  Ensure all inside diameter welds (root pass) or outside diameter welds exposed to wastewater or corrosive fluids or environments are ground flush and have no discoloration.
	.7 Passivation
	.1 Passivate the inside of all stainless steel piping after completion of all piping and supports welding.  Any welding after passivation will require passivation of the entire piping section again.  A piping section is the length between flanges.
	.2 Comply with ASTM A380, Standard Practice for Cleaning, Descaling and Passivation of Stainless Steel Parts, Equipment and Systems, and ASTM A967, Standard Specification for Chemical Passivation Treatment for Stainless Steel Parts, latest edition.
	.3 Use fine grit carbide sandpaper to remove any discoloration, such as bluish due to overheating.
	.4 Thoroughly clean the interior of the pipe and ensure there are no oil or grease deposits or particulate (such as from the sandpaper) using trisodium phosphate (TSP) solution per manufacturer’s recommendation.  Thoroughly rinse with tap water.
	.5 Acid pickle using a solution of 20 percent nitric acid and 2 percent hydrofluoric acid in chloride-free water.  Treat for no less than two hours at 20ºC to 40ºC.  Do not do the Work at less than 20ºC.  An equivalent pickling paste shall be used for air piping not designed to be filled with water.  Follow the manufacturer’s instructions.  Rinse thoroughly with chloride-free water (distilled or de-ionized) until the rinse water shows less than 0.1 mg/L of fluoride.  Rinse thoroughly with chloride-free water (distilled or de-ionized) brought to pH 10 using ammonia (preferred).  Alternatively caustic soda or soda ash may be used to increase the final rinse water pH, but the maximum concentration of chloride allowed in this solution is 1 mg/L.  Note that chloride concentration in commercially available caustic soda and soda ash may be too high for this use.  Completely drain and leave drying in warm air (not less than 20ºC at the outlet end) overnight.
	.6 Collect all acids, caustics, and rinses and take all necessary precautions to prevent spills on the ground.  Neutralize as needed, for example blending acid and caustic wastes and using pebble or ground limestone, lime, or other suitable material.  Dispose of the neutralized waste as indicated by the City at the closest primary effluent channel.  Note that the City may limit the volume that may be discharged over any period of time.  Take measures to prevent freezing.
	.7 Process air piping may not be filled with water unless laid flat on the ground or otherwise supported every 5 m and on each side of sliding supports.
	.8 Pickling and passivating may require the ingress of an individual into the process air pipe.  A single individual may do so once the pipe has been installed.  Provide adequate ventilation that will blow any fumes away from the worker.  This individual shall wear adequate protection per MSDS and clean, thick cloth socks over footwear.  Confined entry procedures shall apply.  Footwear, other items or tools that could scratch the stainless steel surface shall not be carried into the pipe.


	3.5 Grooved Piping System Installation
	.1 All grooved products shall be installed according to manufacturer’s installation instructions.
	.2 Carbon steel pipe may be either cut grooved or roll grooved as appropriate for pipe and service specified.
	.3 Schedule 5 and Schedule 10 stainless steel pipe shall be roll grooved using “RX” rolls in accordance with manufacturer’s installation instructions.
	.4 Ductile iron pipe shall utilize “radius cut grooves”.  Grooves shall conform to either “rigid” or “flexible” cut groove dimensions as specified for application.  Pipe shall have wall thickness of Class 53 pipe or greater.
	.5 Copper piping shall be roll grooved in accordance with manufacturer’s installation instructions.

	3.6 Testing
	.1 Give the Contract Administrator 24 hours notice prior to testing.
	.2 Do not insulate or conceal Work until piping systems are tested and accepted.
	.3 Complete any required weld tests.
	.4 Interior of stainless steel piping shall be bright metal with no discoloration.  Any discoloration, such as bluish tint at welds, will require spot pickling and passivation using paste containing nitric acid and hydrofluoric acid, followed by rinsing and drying as indicated previously.
	.5 Spot check the interior of the stainless steel piping and weld areas as indicated by the Contract Administrator.  Use 5 percent copper sulphate solution.  After 10 minutes at not less than 15°C there shall be no observable deposit of metallic copper.  Otherwise, pickling and passivation shall be repeated for the entire piping section.  Carefully wipe off copper sulphate solution with several damp pieces of cloth.
	.6 Supply all water, air, and inert gases required for pressure testing.
	.7 Supply all pumps, compressors, gauges, etc., required for testing.
	.8 Install air threadolets, air relief valves and line fitting valves as necessary to complete testing.  Remove after testing and plug the threadolets.
	.9 Cap or plug all lines which are normally open ended.  Remove on completion of testing.
	.10 Provide all temporary thrust restraints necessary for testing.  Remove upon completion of testing.
	.11 Test all underground lines prior to backfilling.  Do not place concrete surround until lines are tested.
	.12 Test all existing piping where it connects to new piping to the first valve in the existing piping.  Repair any failures in existing piping which occur as a result of the test after informing the Contract Administrator of such failure.
	.13 Isolate all low pressure equipment and appurtenances during testing so as not to place any excess pressure on the operating equipment.
	.14 Where defective material or equipment is identified, repair or replace using new material.
	.15 Release pressure safely, flush and drain liquid pipes after pressure tests.  Release pressure safely and purge if needed all gas pipes after pressure tests.
	.16 Dispose of flushing water in manner approved by the Contract Administrator, which causes no damage to buildings or Siteworks.

	3.7 Pressure Testing of Gas, Air and Vapour Lines
	.1 Hydrostatically or pneumatically pressure test, as shown in the table below, all lines normally used for the conveyance of gas, air, and/or vapour in accordance with Process Piping Code B31.3 procedures for testing pressure piping.  Pneumatically test all instrument air lines in accordance with ISA RP7.1.
	.2 For gas and air lines to be hydrostatically tested, check support system to ensure it is capable of withstanding loads imparted by test method.  Provide any additional supports necessary in a manner acceptable to the Contract Administrator.  At the Contract Administrator’s request, provide calculations indicating design of temporary support system.
	.3 Test medium:
	.4 Test pressures are identified in the Detailed Piping Specification Sheets.
	.5 Zero leakage rate for insulated systems, and systems tested with water is required at the specified test pressure through the test period.  Prior to commencing test using air, ensure air will be at ambient temperature and specified test pressure.
	.6 Do not exceed 5 percent of the specified test pressure as the allowable leakage rate over the test period for other systems tested with air.  Provide feed air pressure regulator with gauge and pressure safety valve with ring pressure set at not more that 20 kPag above the test pressure and adequately sized for both the compressor capacity and any condition that could result in pressure increases.
	.7 Wet all joints using a mixture of soap and water in systems tested with air.  Remake all joints which display leakage and retest.  For stainless steel piping, repeat cleaning and passivation procedure indicated above for the entire piping section, then test for adequate passivation in the re-worked area.
	.8 Test natural gas piping in accordance with CAN/CGA B139-1.

	3.8 Cleaning and Flushing
	.1 After installation and prior to testing, perform initial cleaning of process and utility lines.  Clean piping greater than 150 mm and less than 600 mm by passing a tightly fitting cleaning ball or swab through the pipeline, unless specified otherwise.  Lines greater than 600 mm may be cleaned manually or with a cleaning ball or swab.  Give lines smaller or equal to 150 mm an initial flush or purge.
	.2 After initial cleaning, connect the piping systems to related process and mechanical equipment.  Insert temporary screens, provided with visible locator tabs, in the suction of pumps and compressors in accordance with the following table:
	.3 Maintain the screens during testing, flushing, purging, initial startup, and the initial operating phases of the commissioning process.  In special cases and with the Contract Administrator's acceptance, screens may be removed for performance tests.
	.4 Unless specified otherwise, flush liquid systems after testing, with clean water and screens in place.  Maintain flushing for a minimum period of 15 minutes and until no debris is collected in the screens.
	.5 Remove the screens and make the final connections after the screens have remained clean for a minimum of 24 consecutive hours of operation.  Screens in solids handling systems are exempt; remove prior to placing the system in service.
	.6 In air or gas systems with pipe sizes less than or equal to 150 mm, purge with air and/or inert gases before testing.  Upon completion of testing and cleaning, drain and dry the piping with a dry air stream.  Satisfy ANSI/ISA-S7.3 standards for instrument air systems.
	.7 Brush clean steel pipe exterior to SSPC-P3 standard prior to painting.  Also refer to Section 09900 and Section 11900.
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	1. GENERAL
	1.1 Description
	.1 This Section describes acceptable methods for jointing and connecting piping to equipment and appurtenances.
	.2 Refer to the general piping requirements of Section 11050.  Use the general requirements specified in this Section and Section 11050 integrally with the more specific requirements listed in Section 11055.
	.3 Work Not Included in this Section:
	.1 The following items are specified under other Sections of these Specifications:
	.1 The aeration pipes within the grit removal and pre-aeration tanks; including droplegs and horizontal manifolds as specified in section 11529 – Coarse Bubble Aeration Devices.



	1.2 Submittals
	.1 With the submittals required in Section 11050, provide a listing of joining and connecting techniques used in the performance of the Work. 

	1.3 Coordination
	.1 Coordinate the jointing techniques with the piping requirements and ensure that the connection techniques match the requirements of the equipment and ancillary devices to which piping must attach. 

	1.4 Quality Assurance
	.1 Refer to Section 11050 for welding quality assurance requirements.

	1.5 Shipment, Protection and Storage
	.1 Refer to Section 01600 and Section 11050.


	2. PRODUCTS
	2.1 Function
	.1 Provide for the joining of the pipe materials, fittings, and appurtenances as described below, for the piping systems shown.

	2.2 General
	.1 Connect piping using joints not readily disassembled only where shown and where not otherwise specified.  Provide joints which may be disassembled as indicated on the Drawings, and at the minimum, within 1000 mm of any connection to equipment, on both sides of structural penetrations, within 600 mm of all threaded end valves, and at the spacing specified in the detailed piping specification sheets.
	.2 Where new pipe crosses a new or existing structural expansion joint and the pipe is supported from each side of the structure, provide a flexible coupling in pipe to allow for differential settlement.  Select flexible connection suitable for pipe material.

	2.3 Welding Materials
	.1 Use welding materials conforming to CSA W48.1.
	.2 Provide electrodes compatible with the material welded and which deposit metal with strength and corrosion resistance properties at least equivalent to the base metal.
	.3 Provide proper storage for welding rod.  Provide rod ovens in cold or inclement weather.
	.4 Keep stainless steel rods in marked containers, separate from other materials.

	2.4 Dissimilar Metal Connections
	.1 Where dissimilar metals are to be connected, furnish dielectric fittings or isolating flanges.

	2.5 Schedule Stainless Steel Pipe
	.1 Less than 75 mm in diameter: socket-weld pipe.  Where disassembly is required, use threaded unions.
	.2 Equal to or greater than 75 mm in diameter: butt-weld pipe; where disassembly is required, use flanges.
	.3 Flanged Connections:
	.1 Make flanges on stainless steel piping stainless steel slip-on, rolled-angle collar Van Stone type, with a galvanized steel back-up ring drilled to ANSI B16.1, Class 125.  Make the angle ring thickness equal or greater than the pipe or fitting to which it is welded.  Stamped (pressed) collars are not acceptable.


	2.6 Gauge Stainless Steel Pipe
	.1 Less than 75 mm in diameter: socket-weld pipe.  Where disassembly is required, use socket weld unions.
	.2 Equal to or greater than 75 mm in diameter: butt-weld pipe; where disassembly is required, use flanges.
	.3 Flanged Connections:
	.1 Make flanges on stainless steel piping stainless steel slip-on, rolled-angle collar Van Stone type, with a galvanized steel back-up ring drilled to ANSI B16.1, Class 125.  Make the angle ring thickness equal or greater than the pipe or fitting to which it is welded.  Stamped (pressed) collars are not acceptable.


	2.7 Flanges
	.1 General requirements for flanges are as follows:
	.1 Provide compatible flanges for mating to equipment or valves.
	.2 Provide flat-faced flanges on each side of butterfly valves.
	.3 For steel piping, provide weld neck flanges on both sides of wafer or lug body valves.
	.4 A lap joint flange on digester gas services or Van Stone flange on schedule 10S stainless steel piping systems is acceptable.

	.2 Do not use slip-on flanges that are attached to a pipe by means of set screws and gaskets (uni-flange, etc.)


	3. EXECUTION
	3.1 Mild Steel Welding
	.1 Refer to Section 11050 for mild steel welding requirements.

	3.2 Stainless Steel Welding
	.1 Refer to Section 11050 for stainless steel welding requirements.

	3.3 Flanged Joints
	.1 Clean flanges and gaskets prior to connection.
	.2 Lubricate gaskets with soapy water and apply anti-seize compound to the bolts.
	.3 Bring flanges into close parallel and lateral alignment.
	.4 Tighten bolts progressively.  Proceed from side to side of the flange.
	.5 Washers may not be used to take up excess bolt length.
	.6 Provide approximately two full threads bolt projection beyond nuts.
	.7 When joining steel to cast iron flanges, take care to avoid damage to the cast iron flange.  Ensure both flanges are flat-faced and use full face gaskets.
	.8 Align flanges which connect piping to mechanical equipment to close parallel and lateral alignment prior to tightening bolts.  Do not place undue strain on the equipment.
	.9 Provide flanges at spacings noted in the Drawings and in Section 11055 to allow for pipe disassembly.
	.10 Allow a minimum of 150 mm to face or 200 mm to edge of flange from wall, floor or ceiling unless otherwise shown on the Drawings.
	.11 On gauge stainless steel piping, consider the flange assembly weight in the design of the piping supports.
	.11  
	END OF SECTION
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	1. GENERAL
	1.1 Description
	.1 This Section describes process pipeline guides and anchors to be installed integrally with the piping.  These items are an integral component of the piping support system for which other requirements are described in Section 11050.
	.2 Refer to the general piping requirements of Section 11050.  Use the general requirements specified in this Section and Section 11050 integrally with the more specific requirements listed in Section 11055.
	.3 Work not included in this Section:
	.1 The following items are specified under other Sections of these Specifications:
	.1 The aeration pipes within the grit removal and pre-aeration tanks; including droplegs and horizontal manifolds as specified in Section 11529 – Coarse Bubble Aeration Devices.



	1.2 Submittals
	.1 Provide Shop Drawings, signed and sealed by a Professional Engineer registered in the Province of Manitoba, for each type of pipeline support and anchor in accordance with the requirements of Section 01300 and 11050.
	.2 Show the materials of construction and illustrations of the method of installation.
	.3 Refer to Section 11050 for requirements for submittals for the support system that incorporates the pipe guides and anchors.
	.4 Provide evidence that the manufacturer has at least five (5) installations of similar size and type in satisfactory service for a period of not less than five years.

	1.3 Coordination
	.1 Coordinate the guides and supports with the pipe support system.  Ensure that the guides and supports are mounted in locations suitable for their intended function.

	1.4 Quality Assurance
	.1 Welding Requirements: refer to Section 11050 for welding quality assurance requirements.
	.2 Alignment: for large diameter (500 mm and larger), thin walled (6.4 mm and less) stainless steel piping supports laser align such that lateral and vertical misalignments between three consecutive supports do not exceed the wall thickness.

	1.5 Process Air Pipe Anchors and Guides
	.1 The process air pipe anchor and guide manufacturer will be regularly engaged in the business of designing and fabricating pipe anchors and guides of the size and type specified and shown on the Drawings. 

	1.6 Shipment, Protection, and Storage
	.1 Refer to Section 01600 and Section 11050.


	2. PRODUCTS
	2.1 Function
	.1 Provide the pipe guides and anchors as described below, for the piping systems shown.

	2.2 Process Air Pipe Guides and Anchors
	.1 Provide PTFE lower bearing surfaces not less than 2.4 mm thick of 100 percent virgin material in accordance with ASTM D1457 and with a 25 percent content of glass fiber filling.
	.2 Provide PTFE lower bearing surfaces mechanically secured and bonded to a substrate made of 10 gauge or 3.2 mm thick type 304 stainless steel with a 6.4 mm welding lip all around.
	.3 Provide PTFE with minimum 20 MPa tensile strength, tested in accordance with ASTM D638; 200 percent elongation minimum, tested in accordance with ASTM D638; and 216 ± 0.03 relative density, tested in accordance with ASTM D792.
	.4 Provide stainless steel components to ASTM A167; type 304. For submerged applications, provide Type 316 stainless steel.
	.5 Provide stainless steel upper bearing surfaces with an annealed mirror finish in accordance with ASTM A480 and having a maximum surface roughness of 0.15 microns.
	.6 Provide these filled Teflon to stainless steel slide bearings as manufactured by Amscot Structural Products, Piping Technology and Products, or approved equal, in accordance with B6 and with the dimensions shown on the Drawings.
	.7 Use welding procedures which minimize distortion of the pipe guides and anchors, and avoid damage to the finished work or bonded materials.  Stitch weld thin stainless steel.
	.8 Finish members true to line, free from twists, bends, open joints, sharp corners and sharp edges.
	.9 Provide fabrication tolerances as follows:
	.1 Overall dimensions to within 3 mm.
	.2 Machined surfaces to within 0.4 mm.
	.3 Backing plates for sliding surfaces to within 0.8 mm.
	.4 Deviation from flatness of PTFE surfaces to 0.2 mm maximum.
	.5 Deviation from flatness of stainless steel surfaces intended for contact with PTFE to 0.0003 LH maximum.
	.6 PTFE thickness to ±10 percent of the specified thickness.
	.7 Parallelism of one sliding surface with respect to the mating sliding surface, as datum, to 0.2 percent of the longer side, maximum.
	.8 Matching holes for bolts to register so that a gauge 2 mm smaller in diameter than the holes will pass freely through the assembled members at right angles to such members.
	.9 Finished bolt holes to not more than 2 mm in diameter larger than the bolt diameter.
	.10 Center-to-center distances between bolt holes to within 1 mm of the dimensioned distance.

	.10 Drill or ream bolt holes.
	.11 Provide vibration resistant type fasteners.
	.12 Provide stainless steel sliding surfaces intended for contact with PTFE of one piece continuously welded around the perimeter to the back plate to prevent ingress of moisture.  Provide the weld clean, sound, smooth, uniform, without overlaps, properly fused, and located outside the area of contact with PTFE.
	.13 Machine or fine grind metal-to-metal contact surfaces.  Machine sliding metal contact surfaces in the principal direction of movement.  Machine after welding whenever possible.
	.14 Provide metal surfaces in contact with PTFE with no openings or discontinuities, and a maximum surface roughness of three microns.
	.15 Remove abrasive materials from finished surfaces and clean with a degreasing agent.
	.16 Protect finished surfaces from contamination and mechanical damage.


	3. EXECUTION
	3.1 Process Air Pipe Guides and Anchors
	.1 Unless written permission has been obtained from the manufacturer and from the Contract Administrator, do not dismantle the pipe guides after they have left the manufacturer's shop, in order to prevent contamination of the sliding surfaces.
	.2 Use stainless steel shims to laser-align supports before installing the piping.  Tighten J-bolts and grout using liquid, non-shrink, epoxy grout.  Prevent ingress of grout into the annular space between the J-bolts and their pipe casing (the use of flexible sealant is allowed).  Concrete base foundations for anchors and sliding supports shall be built with the top surface approximately 25 mm below aligned bottom of support plate.  Allow for this much epoxy grout at each location.
	.3 Construct of fabricate as indicated in the Drawings or use approved commercial systems as indicated above.
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	1. GENERAL
	1.1 Description
	.1 This Section describes expansion joint supply and methods for installation.
	.2 Refer to the general piping requirements of Section 11050.  Use the general requirements specified in this Section and Section 11050 integrally with the more specific requirements listed in Section 11055.
	.3 The number and location of expansion joints detailed on Drawings is indicative only.  Contractor to provide a complete piping system design as described in Section 11050.
	.4 Work not included in this Section:
	.1 The following items are specified under other Sections of these Specifications:
	.1 The aeration pipes within the grit removal and pre-aeration tanks including droplegs and horizontal manifolds as specified in Section 11529 – Coarse Bubble Aeration Devices.



	1.2 Submittals
	.1 With the submittals required in Section 11050, provide a listing of the expansion joints used in the performance of the Work.

	1.3 Coordination
	.1 Coordinate the expansion joints with the piping requirements and ensure that the connection techniques match.

	1.4 Quality Assurance
	.1 Comply with the requirements of EJMA.

	1.5 Shipment, Protection and Storage
	.1 Refer to Section 01600 and Section 11050.


	2. PRODUCTS
	2.1 Function
	.1 Expansion joints are used to compensate for thermal expansion and contraction in the piping system; to isolate equipment from stresses and vibration transmitted from the piping system; and to allow for seismic or long term settlement which could cause differential movement in adjacent piping or equipment.

	2.2 Metal Clad Expansion Joints
	.1 Design and fabricate expansion joints in accordance with EJMA standards and to meet the requirements of this Section.
	.2 Provide expansion joints as necessary to allow for piping expansion and contraction.  Unless otherwise specified, provide elastomer spool type expansion joints.
	.3 Ensure corrugated type expansion joints are capable of a minimum 10,000 pressure, temperature, and deflection cycles, not concurrent.
	.4 For metal expansion joints of the metal bellows type, in systems handling gases, air, water or other liquids, provide liners to produce a smooth flow path, reduce vibration and reduce noise through the expansion joint.
	.5 Provide sufficient bends and expansion joints to allow for thermal movement of piping from -40C to maximum service temperature.
	.6 Provide factory precompressed expansion joints where required to suit installation temperature.
	.7 For methanol piping provide CSA and ULC approved OPW stainless steel flexible connectors with convoluted stainless steel hose with 304 stainless steel wire braid.
	.8 Formed Bellows Type, Low Temperature
	.1 For up to 150C
	.2 Fabricate with 321 stainless steel corrugations, rated for the design pressure and temperature.  Factory pressure and leak test at the design temperature.
	.3 Design expansion joint to meet the requirements of movement specified (axial, lateral, and angular).  Utilize a minimum safety factor of 1.35 for movement in anchor to anchor pipe run length over entire temperature range.
	.4 For expansion joints with specified lateral movements greater than 3.0 mm, except for the Process Air piping system, provide expansion joints with control rings and control rods or alternate method to equally distribute lateral movement among each corrugation and prevent squirm or buckling of the corrugations.  Control rings shall be nickel-iron rated for 1000 kPa at 150C.
	.5 Provide limit rods which are full load rated in the event of anchor failure and to protect expansion joint from excessive axial movement.  Process Air piping system expansion joints do not require limit rods unless they are to accommodate movement of the supporting structures.
	.6 Unless otherwise specified, provide Van Stone flanges with galvanized steel backing flanges drilled to ANSI B16.5 for all expansion joints without limit rods.
	.7 Provide fixed forged steel flanges on expansion joints requiring limit rods.
	.8 Acceptable manufacturers are:
	.1 American BOA
	.2 Senior Flexonics
	.3 Hyspan Precision Products


	.9 Formed Bellows Type, Medium Temperature
	.1 For up to 425C
	.2 Fabricate with 321 stainless steel corrugations, rated for the design pressure and temperature.  Factory pressure and leak test at the design temperature.
	.3 Design expansion joint to meet the requirements of movement specified (axial, lateral, angular).
	.4 Provide expansion joints with control rings, control rods and limit rods as described above, for low temperature formed bellows type.
	.5 Use flanged steel plate end connections, drilled to ANSI B16.5.
	.6 Acceptable manufacturers are:
	.1 American BOA
	.2 Senior Flexonics
	.3 Hyspan Precision Products


	.10 Formed Bellows Type, High Temperature
	.1 For up to 700C
	.2 Fabricate with 321 stainless steel corrugations rated for the design pressure and temperature.  Factory pressure and leak test at the design temperature.
	.3 Design expansion joint to meet the requirements of movement specified (axial, lateral and angular).  Provide expansion joints with control rings, control rods and limit rods as described above for low temperature formed bellows type.
	.4 Use flanged stainless steel plate end connections, the same as the bellows, drilled to ANSI B16.5.
	.5 Acceptable manufacturers are:
	.1 American BOA
	.2 Senior Flexonics
	.3 Hyspan Precision Products


	.11 Steel Expansion Compensator Type
	.1 Provide steel compensator type expansion joints in steel pipe systems of 65 mm diameter and less for CWR, CWS, DHF, GLR, GLS, HRR and HRS systems only.
	.2 Use 2-ply stainless steel bellows with carbon steel shroud and end fittings.  Compensators to be rated for 1.2 MPa maximum working pressure and 400C.
	.3 Acceptable products are:
	.1 Senior Flexonics Model H
	.2 Hyspan Series 8500
	.3 Keflex 7Q


	.12 Bronze Expansion Compensator Type
	.1 Provide bronze compensator type expansion joints in copper pipe systems of 50 mm diameter and less for DHF, DHR, RFH, RFL and RFS systems only.
	.2 Use multi-ply phosphor bronze or stainless steel bellows with copper tube end fittings.  Compensators to be rated for 1.0 MPa and 205C.
	.3 Acceptable products are:
	.1 American BOA
	.2 Senior Flexonics Model HB
	.3 Hyspan Series 8500
	.4 Keflex 7Q


	.13 Tied Universal Expansion Joint
	.1 Provide steel tied universal assembly type expansion joints in steel pipe systems for HRR and HRS pipe systems.
	.2 Use a dual stainless steel bellows arrangement with a minimum of three tie rods.
	.3 The tie rods must contain the pressure thrust force and limit the joint motion axially and laterally.  A minimum of 10,000 cycles is required for the lateral offset movement.
	.4 Expansion joints to be rated for 1034 kPa maximum working pressure and 400C.
	.5 Acceptable manufacturers are: 
	.1 American BOA
	.2 Hyspan Precision Products - Series 1512R
	.3 Senior Flexonics


	.14 Dual Expansion Joint
	.1 Provide steel externally pressurized dual expansion joint type in steel pipe systems for HRR and HRS pipe systems.
	.2 Use 304 stainless steel, 3-ply laminated bellows attached to internal and external guide rings.
	.3 Use 304 stainless steel collar rings slipped over and welded to the bellows neck.
	.4 Vent internal guide ring to minimize the effects of flashing.
	.5 A minimum of 10,000 cycles is required at full compression.
	.6 Provide drain port, flanged ends, and lifting lug.
	.7 Expansion joints to be rated for 1034 kPa maximum working pressure and 400°C.
	.8 Acceptable manufacturers are:
	.1 American BOA
	.2 Hyspan Precision Products - Series 3500
	.3 Senior Flexonics



	2.3 Elastomer Expansion Joints
	.1 Select materials suitable for service commodity, temperature and pressure.  Conform to the requirements of the Fluid Sealing Association, Rubber Expansion Joint Division.
	.2 Provide control rods on expansion joint connectors to prevent excessive axial elongation and to accept the static pressure thrust in the piping system.  Manufacturer to determine number and sizes of control rods.
	.3 Provide elastomer cover of the same material as the elastomer tube liner. 
	.1 For service temperatures between 80C and 120C, use chlorobutyl or EPDM for the elastomer tube.  
	.2 For temperatures below 80C, use EPDM, Neoprene or Buna-N tube elastomer.

	.4 For single arch or single spherical rubber expansion joints in piping up to and including 200 mm diameter, make expansion joint face-to-face dimension 150 mm, nominal.  For pipe greater than 200 mm and less than or equal to 300 mm, make expansion joint face-to-face dimension 200 mm, nominal.
	.5 Elastomer, Spool Type
	.1 Unless otherwise specified, provide spool, resilient arch type expansion joints.
	.2 Construct of multiple plies of woven fabric impregnated with elastomer and reinforced with steel rings or wire embedded in the body.
	.3 Provide backup or retaining rings of galvanized steel construction.  Make retaining rings a nominal 10 mm thick, split type.
	.4 Use filled arch type expansion joints on all piping systems conveying fluids containing solids.
	.5 Acceptable manufacturers are:
	.1 Senior Flexonics
	.2 Garlock
	.3 Mercer
	.4 Techniquip


	.6 Elastomer, Spherical Moulded Type
	.1 Construct of multiple plies of nylon tire cord fabric and elastomer suitable for specified commodity, temperature and pressure.
	.2 Provide steel floating flanges, such that no metal parts come in contact with the fluid.
	.3 Acceptable Manufacturers:
	.1 Senior Flexonics
	.2 Garlock
	.3 Mercer
	.4 Techniquip
	.5 Proco



	2.4 Sliding Joints - Liquid Service
	.1 Provide single end type sliding expansion joints able to allow longitudinal movement and radial stresses while maintaining pipe alignment.  Provide through rods where necessary to maintain alignment.
	.2 Limit longitudinal separation of the two pipe sections to 50 percent of the manufacturer's recommended maximum by a restraining flange affixed to the slip pipe with the bolts extending through this flange.
	.3 Use packing material suitable for the service conditions.
	.4 Acceptable products are:
	.1 Dresser Style 63
	.2 Ford Meter Box FEJ
	.3 Robar 8808-1
	.4 Rockwell 611


	2.5 Flexible Hose Connectors
	.1 Where other types of flexible expansion joints are not shown or specified, provide flexible hose connectors within 2 m pipe length of rotating equipment suction, discharge and ancillary service connection.  Do not provide flexible connectors on sump pump connection piping.
	.2 Provide flexible hose connectors with live lengths suitable for a line pressure equal to the test pressure of the pipe and for 12.5 mm lateral movement each side of the pipe centerline.
	.3 Provide one union for pipe diameters 65 mm or floating flange for pipe diameter >65 mm, per flexible connector as appropriate to minimize the possibility of torque damage during installation.
	.4 Provide flexible hose connectors capable of minimum of 10,000 cycles at the manufacturer's published minimum intermittent centreline bend radius and maximum working pressure.
	.5 The design standard for flexible hose connectors on piping systems up to and including 50 mm diameter is Senior Flexonics Type 461 helically corrugated hose connectors.
	.6 Acceptable manufacturers for flexible hose connectors on piping systems up to and including 50 mm diameter are:
	.1 American BOA
	.2 Flex-Weld
	.3 Senior Flexonics

	.7 The design standard for flexible hose connectors on piping systems larger than 50 mm diameter is Senior Flexonics Type 401 M corrugated flexible metal hose connectors.
	.8 Acceptable manufacturers for flexible connectors on piping systems larger than 50 mm diameter are:
	.1 American BOA
	.2 Flex-Weld
	.3 Senior Flexonics



	3. EXECUTION
	3.1 Expansion Joints
	.1 Accurately align pipelines to receive expansion joints before installing the joint.  Do not stretch, compress or offset the joint to fit the piping.
	.2 Align and install each expansion joint in accordance with EJMA standards and with the manufacturer's written instruction; properly guide and anchor all expansion joints.  No lateral movement is permitted on compensator type expansion joints.
	.3 On rubber expansion joints, check bolt tightness, and tighten where necessary one week after commissioning.

	3.2 Flexible Hose Connectors
	.1 Accurately align pipelines to receive flexible connectors before installing the connectors.  Do not stretch, compress, misalign or offset the connectors.
	.2 Align and install each flexible connector in accordance with the manufacturer's instructions.
	.3 Support, anchor and guide the piping so that the flexible connectors are not required to absorb any axial compression or elongation.
	.4 Do not torque or twist the flexible connectors.
	.5 Check bolt tightness and tighten where necessary, a maximum of one week after commissioning and periodically thereafter.
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	1. GENERAL
	1.1 Work Included
	.1 The piping specification sheets on the following pages detail the requirements for each type of process pipe included in the Work.
	.2 The piping materials are listed on the specification sheets.

	1.2 Process Piping Commodity Summary 

	2. PRODUCTS
	2.1 Schedule
	.1 Pages 3 to 4 following.
	 This page intentionally left blank
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	1. GENERAL
	1.1 Work Included
	.1 Supply and installation of hangers and supports for all process piping systems specified in Section 11050.  This Section does not include pipe support for plumbing systems, HVAC systems, fire sprinkling systems, pipe anchors, guides, or seismic restraints.
	.2 Engage a Professional Engineer to be responsible for the final aspects of the piping support system design, including details and spacing of all supports.  The support system will ensure that the weight of the pipework and the need for lateral and vertical support are considered fully.  Contractor to provide a complete piping system design as described in Section 11050.

	1.2 Submissions
	.1 Submit the following for information in accordance with Section 01300:
	.1 In piping layout drawings specified in Section 11050, indicate hanger and support locations and provide legend summarizing load information and hanger and support component selection at each location.


	1.3 Service Conditions
	.1 The intent of the Drawings has been to indicate general arrangements and typical spacings for pipe systems, but does not relieve the Contractor of the responsibility for the design and supply of a complete and adequate support system.
	.2 Provide hangers and supports specified in this Section to resist pipe loads occurring primarily in the downward (gravity) direction.  For the purpose of pipe hanger and support selection, this Section established pipe support classifications based on the operating temperature of the piping contents.
	.3 Pipe support classifications:
	.1 Hot Systems:
	.1 A-1: 40°C - 230°C
	.2 A-2: 230°C - 400°C
	.3 A-3: Over 400°C

	.2 Ambient systems:
	.1 B-1: 15°C - 49°C

	.3  Cold systems:
	.1 C-1: 0.5°C - 15°C
	.2 C-2: -40°C - 0°C



	1.4 Hanger and Support Selection
	.1 Piping supports are generally not shown on the process mechanical layout Drawings.  Therefore, select pipe hangers and supports as specified in this Section.  Typical support details and structural attachments shown on the Drawings indicate the level of quality that will be considered acceptable.  Where specific supports are illustrated on the process mechanical or structural Drawings or where a specific standard detail is noted on the Drawings, provide that type of support for that particular pipeline.
	.2 Piping insulation thickness is specified in Section 11059.
	.3 Review the piping layout in relation to the surrounding structure and adjacent piping and equipment before selecting the type of support to be used at each hanger point.
	.4 Hangers and supports shall withstand all static and specified dynamic conditions of loading to which the piping and associated equipment may be subjected.  As a minimum, consideration shall be given to following conditions:
	.1 Weights of pipe, valves, fitting, insulating materials, suspended hanger components, and normal fluid contents.
	.2 Weight of hydrostatic test fluid or cleaning fluid if normal operating fluid contents are lighter.
	.3 Reaction forces due to the operation of safety or relief valves.
	.4 Wind, snow, or ice loadings on outdoor piping.

	.5 Size hangers and supports to fit the outside diameter of pipe, tubing, or where specified, the outside diameter of insulation.
	.6 Where negligible movement occurs at hanger locations, use rod hangers for suspended lines, whenever practical.  Use bases, brackets, or structural cross members for piping supported from below.
	.7 Hangers for the suspension of pipe and tubing sizes, 65 mm and larger, shall be capable of vertical hanger component adjustment under load.
	.8 Provide the supporting systems to allow for free or intended movement of the piping including its movement in relation to that of connected equipment.
	.9 Design the system to support the operating loads with a safety factor of 4.0.
	.10 Where there is horizontal movement at a suspended type hanger location, select hanger components to allow for swing.  The vertical angle of the hanger rod shall not, at any time, exceed 4 degrees.
	.11 No contact is allowed between a pipe and hanger or support components of dissimilar metals.  Prevent contact between dissimilar metals when supporting copper tubing with copper-plated, rubber, plastic, or vinyl coated, or stainless steel hanger and support components.
	.12 Do not support piping from masonry wall construction.
	.13 Do not use existing pipes and supports to support new piping unless otherwise specified.
	.14 Do not attach pipe support components to equipment or pressure vessels unless otherwise specified.
	.15 Use stock hanger and support components wherever practical.
	.16 Provide supplementary structural members, where structural bearings are not in suitable locations.
	.1 Make provision for expansion, contraction, slope, and anchorage.
	.2 Where necessary, pipe support systems shall withstand the additional load of electrical or instrumentation trays.  Coordinate with other Divisions.  Design and provide support system accordingly.



	2. PRODUCTS
	2.1 Acceptable Manufacturers
	.1 The following Manufacturers’ Products to provide the specified features and to meet specified operating conditions:
	.1 B-Line
	.2 Grinnell
	.3 Powerstrut
	.4 Superstrut
	.5 Unistrut


	2.2 Support Spacing
	.1 Maximum support spacing shall be as listed in the following table:
	.2 Provide additional supports at any valves or other heavy piping element.

	2.3 Materials
	.1 Non-Corrosive Environments (Air Blower Room Basement):
	.1 Unless otherwise specified, pipe hangers and supports, structural attachments, fittings and accessories are hot-dipped galvanized after fabrication. 
	.2 Provide cadmium plated hardware (nuts, bolts, washers, threaded rods).
	.3 Touch up cadmium and galvanized material with zinc rich coating where the material has been cut.  Exposed bare steel is not acceptable.

	.2 Exterior, Submerged, or Corrosive Environments (grit tank room):
	.1 Pipe hangers, supports, structural attachments, fittings, accessories, and hardware are all stainless steel.
	.2 Any areas that may be considered corrosive and are in question should be reviewed with the Contract Administrator in advance of securing the materials.

	.3 Provide AISI, Type 304 stainless steel concrete inserts.

	2.4 Pipe Hangers and Supports
	.1 Type 1 - Clevis Pipe Hanger: provide carbon steel clevis hangers with configuration and components as follows:
	.1 Steel pipe (insulated) - B-Line B3100, Grinnell Figure 260, Superstrut C-710 or Unistrut No. 24 with insulation shield
	.2 Steel pipe (un insulated) - B-Line B3100, Grinnell Figure 260, Superstrut C 710 or Unistrut No. 24

	.2 Type 2 - "J" Pipe Hanger: provide carbon steel hangers with configuration and components equivalent to MSS Type 5.  Use only on uninsulated pipe, with configuration and components as follows:
	.1 Steel pipe - B-Line B3690, Grinnell Figure 67, Superstrut C-711 or Unistrut J1205 J1280 Series

	.3 Type 3 - Double Bolt Pipe Clamp: provide carbon steel pipe clamps, with configuration and components as follows:
	.1 Steel pipe (insulated) - B-Line B3144 or Grinnell Figure 295, with insulation shield. Insulation shield is optional for hot and ambient systems
	.2 Steel pipe (un insulated) - B-Line B3144 or Grinnell Figure 295

	.4 Type 4 - Adjustable Roller Hanger: provide cast iron rollers, carbon steel yoke and cross bolt with configuration and components as follows:
	.1 Steel pipe (insulated) - B-Line B3110, Grinnell Figure 181 or Superstrut C-729, with insulation shield
	.2 Steel pipe (un insulated) - B-Line B3110, Grinnell Figure 181 or Superstrut C 729

	.5 Type 5 - Single Pipe Roll: provide cast iron rollers and sockets, and steel cross rods with configuration and components as follows:
	.1 Steel pipe (insulated) - B-Line B3114, Grinnell Figure 171 with insulation shield
	.2 Steel pipe (un insulated) - B-Line B3114, Grinnell Figure 171

	.6 Type 6 - Framing Channel Pipe Clamp: provide steel pipe clamps with hot dipped galvanized finish and material thickness as listed below:
	.1 Steel pipe (un insulated) - B-Line 2007, Powerstrut PS1100, or Unistrut P1009 Series:
	.2 Steel pipe (insulated): as per 2.4.6.1 with insulation shield

	.7 Type 7 - U-Bolt:  Provide carbon steel U-bolts with configuration as follows:
	.1 Steel pipe (uninsulated) - Grinnell Figure B-Line B3188 or Superstrut H-115
	.2 Steel pipe (insulated) - Grinnell Figure 137, B-Line B3188 or Superstrut H-115 with insulation shield

	.8 Type 8 - Adjustable Pipe Roll Support: provide cast iron rollers and sockets, and carbon steel cross rod and support rods with configuration and components as follows:
	.1 Steel pipe (insulated) - B-Line B3122 or Grinnell Figure 177 with insulation shield
	.2 Steel pipe (un insulated) - B-Line B3122 or Grinnell Figure 177

	.9 Type 9 - Welded Pipe Stanchion: provide a carbon steel, standard schedule pipe stanchion, cut pipe to match contour of pipe elbow. Use only for ambient commodity systems.
	.10 Type 10 - Pipe Stanchion saddle: provide carbon steel saddles and yokes as follows:
	.1 Steel pipe (insulated) - B-Line B3900 or Grinnell Figure 259 with insulation shield.
	.2 Steel pipe (un insulated) - B-Line 3090 or Grinnell Figure 259.

	.11 Type 11 - Offset Pipe Clamp: provide carbon steel pipe clamps with configuration and components as specified and to the most standard design manufactured by a pipe hanger component manufacturer:
	.1 Steel pipe (insulated) - B-Line B3148 or Grinnell Figure 103 or with insulation shield
	.2 Steel pipe (un insulated) - B-Line B3148 or Grinnell Figure 103

	.12 Type 12 - Riser Clamp: provide carbon steel riser clamps with configuration and components as follows:
	.1 Steel pipe (insulated) - B-Line B3373 or Grinnell Figure 261, Superstrut C-720 or Unistrut No. 82
	.2 Steel pipe (uninsulated) - B-Line B3373 or Grinnell Figure 261, Superstrut C-720 or Unistrut No. 82

	.13 Type 13 - Framing Channel Pipe Strap: provide carbon steel pipe strap with configuration as follows:
	.1 Steel pipe (un insulated) - B-Line B2400 Series, Powerstrut PS3126, Superstrut C 708 U or Unistrut P2008 Series
	.2 Steel pipe (insulated) - B-Line B2400 Series, Powerstrut PS3126, Superstrut C-708-U or Unistrut P2008 Series with insulation shield

	.14 Rack and Trapeze Supports:
	.1 Unless otherwise specified, provide steel trapeze and pipe rack components having a minimum thickness of 2.8 mm with a maximum deflection 1/240 of the span. Framing channel as specified in 2.4.16.5.
	.2 Type 20 - Trapeze Pipe Support: trapeze pipe support cross members as specified in 2.4.16.5. Provide 41 mm square carbon steel flat plate fittings of stranded design manufactured by framing channel manufacturer, B-Line B202-2, Powerstrut PS619 or Unistrut P1062 Series.
	.3 Type 21 - Pipe Rack Support: post- and cross-member framing channels, as specified in 2.4.16.5. Provide carbon steel pipe rack fittings of standard design manufactured by framing channel manufacturer.  Provide gusset type, 90-degree fittings, B-Line B844, Grinnell PS3373 or Unistrut P2484. Post base fittings as specified in 2.4.15.14.

	.15 Structural Attachments:
	.1 Type A - Malleable Iron Concrete Insert: provide malleable iron concrete inserts; B Line B3014, Grinnell Figure 282, or Unistrut M2808.
	.2 Type B - Side Beam Bracket: provide malleable iron bracket Grinnell Figure 202 or B Line B3062.
	.3 Type C - Malleable Beam Clamp with Extension Piece: provide malleable iron clamp and extension pieces with steel tie rods; Grinnell Figure 218 with Figure 157 extension piece or B-Line B3054.
	.4 Type D - Steel Beam Clamp with Eye Nut: provide forged steel beam clamps and eye nuts; Grinnell Figure 292, B-Line B3291 series.
	.5 Type E - Steel channel clamp: provide malleable iron clamp and heel plates, and steel bolts and nuts; Grinnell Figure 226.
	.6 Type F - Welded Beam Attachment: provide carbon steel beam attachments; B-Line B3083 or Grinnell Figure 66.
	.7 Type G - Adjustable Beam Attachment: provide carbon steel beam attachments, B-Line B3082, Unistrut P1737, or Powerstrut PS2648.
	.8 Type H - Double Channel Bracket: provide single channel attachment as specified in 2.4.16.5. Provide a carbon steel, double-framing, channel, cantilever bracket assembly; B-Line B297-12 through B297-36, Powerstrut PS809 or Unistrut P2542 series.
	.9 Type J - Single Channel Bracket: provide single channel attachment as specified in 2.4.16.5. Provide a carbon steel, single-framing channel, cantilever bracket assembly; B Line B198-6 through B198-24, Powerstrut PS661, or Unistrut P2231 through P2234.
	.10 Type K - Wall Mounted Channel: provide 41 mm x 62 mm carbon steel framing channel; B-Line B12 or Unistrut P5500.
	.11 Type L - Pipe Stanchion Attachment: provide minimum 12 mm thick carbon steel baseplate. Anchor bolt holes: 1.6 mm larger than bolt diameter. Provide non-shrink grout between the baseplate and upstand.
	.12 Type M - Welded Steel Bracket: provide carbon steel brackets which comply with MSS Type 32 and FEDSPEC Type 33 for medium welded bracket; Grinnell Figure 195. Heavy welded bracket to comply with MSS Type 33 and FEDSPEC Type 34; Grinnell Figure 199.
	.13 Type N - Cast Iron Bracket: provide cast iron brackets; Grinnell Figure 213.
	.14 Type P - Framing Channel Post Base: provide carbon steel post bases of stranded design manufactured by framing channel manufacture. Single channel: Unistrut P2072A, B-Line B280 Powerstrut PS3025. Double channel: Unistrut P2073A, B-Line B281 or Powerstrut PS3064.
	.15 Type Q - Continuous Concrete Inserts: provide 300 mm long carbon steel concrete inserts; Unistrut P3253.

	.16 Accessories:
	.1 Weldless Eye Nut: provide forged steel eye nuts and comply with MSS and FEDSPEC Type 17; Grinnell Figure 290 or B-Line B3200.
	.2 Welded Eye Rod: provide carbon steel eye rods with eye welded closed.  Inside diameter of eye to accommodate a bolt diameter 3.2 mm larger than the rod diameter; Grinnell Figure 278 or B-Line B3211.
	.3 Turnbuckle: provide forged steel turnbuckles; Grinnell Figure 230 or B-Line B3202.
	.4 Framing Channels: provide 41mm x 62mm roll formed carbon steel framed channel, having a thickness of 2.7 mm.  Channel to have a continuous slot along one side with in-turned clamping ridges.  Single Channel: Unistrut P5500.  Double Channel: Unistrut P5501.
	.5 Anchor bolts to Section 05500.


	2.5 Hanger Rods
	.1 Rod material shall conform to ASTM A307 as a minimum, and shall be cadmium plated in non-corrosive interior spaces, stainless steel in exterior, submerged, or corrosive applications, threaded on both ends or continuous threaded and sized as specified.
	.2  Hanger rod sizing, as a minimum shall be as follows:

	2.6 Base Elbows
	.1 Where elbows change the run of a horizontal pipe to a vertical direction, supports shall be secured to the elbow.
	.2 Dimensions for the supports
	.3 Gauge piping: in general, support elbow stanchions for gauge stainless steel piping shall be of the same diameter as the pipe.

	2.7 Thermal Pipe Hanger Shield
	.1 Provide thermal shields at hanger, support and guide locations on pipe requiring insulation.  The shield consists of an insulation layer encircling the entire circumference of the pipe and a steel jacket encircling the insulation layer.  The thermal shield is the same thickness as the piping system insulation.  Use standard shield for hot systems and vapour barrier shield for cold systems.  Use stainless steel band clamps to ensure against slippage between the pipe wall and the thermal shield.
	.2 Standard Shield:
	.1 Insulation:
	.1 Hydrous calcium silicate, high density, waterproof
	.2 Compressive strength: 700 kPa average
	.3 Flexural strength: 500 kPa average
	.4 R value: 2.16 at 37.8°C mean
	.5 Temperature range: -7°C to 260°C
	.6 Steel Jacket: galvanized steel, thickness as per Manufacturer's standards, supplied for the given pipe size
	.7 Connection: provide butt connection shield to pipe insulation.  Steel jacket and insulation to be flush with end.

	.2 Vapour Barrier Shield:
	.1 Insulation:
	.1 Hydrous calcium silicate, high density, waterproof
	.2 Compressive strength: 700 kPa average
	.3 Flexural strength: 500 kPa average
	.4 R value: 2.16 at 37.8°C mean
	.5 Temperature range: -7°C to 260°C

	.2 Steel Jacket: galvanized steel, thickness as per Manufacturer's standards, supplied for the given pipe size
	.3 Connection: provide butt connection shield to pipe insulation.  Insulation to extend 25 mm each side of steel jacket for vapourtight connection to pipe insulation vapour barrier.




	3. EXECUTION
	3.1 Hanger and Support Location
	.1 Locate hangers and supports as near as possible to concentrated loads such as valve, flanges, etc.  Locate hangers, supports, and accessories within the maximum span lengths specified on Drawings to support continuous pipeline runs unaffected by concentrated loads.
	.2 Provide hangers and/or base supports within 1000 mm of each change in direction on each leg, on one side of each valve, and on the first spool piece or fitting extending from a piece of equipment.
	.3 Locate hangers and supports to ensure that connections to equipment, tanks, etc., are substantially free from loads transmitted by the piping.
	.4 Ensure that where piping is connected to equipment, a valve, piping assembly, etc. that will require removal for maintenance, the piping will be supported in such a manner that temporary supports will not be necessary for this procedure.
	.5 Support piping so that no pockets will be formed in the span due to sagging of the pipe between supports caused by the weight of the pipe, medium in the pipe, insulation, valves, and fittings.
	.6 Install spring hangers where required to offset expansion in horizontal runs which follow long vertical risers.

	3.2 Installation
	.1 Welded and bolted attachments to the building structural steel to be in accordance with the requirements of Section 05500.  Unless otherwise specified, do not drill or burn holes in the building structural steel.
	.2 Do not use hanger components for purposes other than for which they were designed.  Do not use hanger components for rigging and erection purposes.
	.3 Install items to be embedded before concrete is poured.  Fasten embedded items securely to prevent movement when concrete is poured.
	.4 Aluminum or galvanized steel clips shall be used to support piping from aluminum or steel structural members.  Where metals of different type are to be connected, provide isolation to prevent galvanic corrosion.
	.5 Use embedded anchor bolts instead of concrete inserts for support installation in areas below water surface or normally subjected to submerging.
	.6 Install thermal pipe hanger shields on insulated piping at required locations during hanger and support installation.  Butt joint connections to pipe insulation shall be made at the tie of insulation installation in accordance with the Manufacturer's recommendation.
	.7 All minor modifications to accommodate installed equipment and structural components are subject to review.  Do not commence Work on related piping until written acceptance has been received.
	.8 Include any piping support modifications on the Shop Drawings submitted prior to fabrication or installation.
	.9 Prior to installation, inspect and field measure to ensure that previous Work is not prejudicial to the proper installation of piping.
	.10 Hanger and support components in contact with plastic pipe shall be free of burrs and sharp edges.
	.11 Rollers shall roll freely without binding.
	.12 Finished floor beneath Type L structural attachments and framing channel post bases shall be roughed prior to grouting. Grout between base plate and floor shall be free of void of foreign material.
	.13 Cut and drill baseplates to specified dimensions prior to welding stanchions or other attachments and prior to setting anchor bolts.
	.14 Provide plastic or rubber end caps at the exposed ends of all framing channels that are located up to 2100 mm above the floor.
	.15 Review the Drawings prior to installation of piping, conduit, and fixtures by this or any other Division. Identify any conflicts and confirm the routing of each section of pipe prior to commencement of installation. Advise of any conflicts with existing services.  Where necessary, amend the routing of pipework to avoid conflict and provide Shop Drawings showing proposed routing.

	3.3 Adjustment
	.1 Adjust hangers and supports to obtain required pipe slope and elevation.  Use shims made of material compatible with the piping material.  Adjust stanchions prior to grouting of baseplates.
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	1. GENERAL
	1.1 Scope
	.1 Process piping and equipment insulation
	.2 Adhesives, tie wires, tapes
	.3 Recovering

	1.2 Quality Assurance
	.1 Install insulation employing skilled workers 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 applicable 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 project and indicate thickness of material for individual services.

	1.4 Job Conditions
	.1 Deliver material to Site in original non-broken factory packaging, labeled 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
	.1 Composite fire and smoke hazard ratings shall not exceed 25 for flame spread and 50 for smoke developed rating when tested in accordance with CAN4-S102, NFPA 255 or ASTM E84.

	.2 Provide insulating materials and accessories that withstand service temperatures without smouldering, glowing, smoking, or flaming when tested in accordance with ASTM C441.
	.3 All insulation materials shall meet current Building Code Standards, and packages or containers of such materials shall be appropriately labeled.
	.4 Insulate fittings and valve bodies with preformed removable insulated fittings.

	2.2 Materials
	.1 Cold piping interior: semi-rigid, pre-formed fibreglass or formed rigid mineral fibre pipe insulation, with factory applied paintable canvas vapour barrier jacket, factory moulded to conform with piping, "K" value: maximum 0.035 W/m°C at 24°C. Service temperature:  40°C to 150°C.
	.2 Hot piping interior: semi-rigid, pre-formed fibreglass or rigid mineral fibre pipe insulation, with factory applied paintable canvas general purpose jacket, factory moulded to conform to piping, "K" value: maximum 0.035 W/m°C at 24°C. Service temperature: up to 200°C.
	.3 Cold piping exterior: foamglass insulation with factory applied aluminum vapour barrier jacket, factory moulded to conform with piping.  “K” value: maximum 0.035 W/m(C at 24(C. Service temperature: -40(C to 150(C.
	.4 Hot piping exterior: foamglass insulation with factory applied aluminum vapour barrier jacket, factory moulded to conform with piping.  “K” value: maximum 0.035 W/m(C at 24(C.  Service temperature: -40(C to 150(C.
	.5 Hot equipment flat surfaces: rigid mineral fibre insulation with factory applied paintable canvas general purpose jacket, factory moulded to conform to equipment.  “K” value: maximum 0.035 W/m(C at 24(C.  Service temperature: 20(C to 200(C. 
	.6 Hot equipment curved surfaces: mineral fibre blanket with factory applied paintable canvas general purpose jacket, factory moulded to conform to equipment.  “K” value: maximum 0.035 W/m(C at 24(C.  Service temperature: 20(C to 200(C. 
	.7 Recovery jackets: 0.9 mm smooth aluminum sheet or paintable canvas for all new insulated piping. 
	.8 Cold and hot water piping up to 115°C: as an alternate to formed fibreglass pipe insulation, rigid phenolic closed cell foam insulation equal to Kingspan Koolphen K CFC-free rigid phenolic insulation may be used.  Product shall meet ASTM-E-84 and ASTM-C-585-90 and ULC burn and smoke spread rating for non-combustible installations (ULC-S102, S127).

	2.3 Buried Piping
	.1 Provide insulation for all buried piping with a soil cover of less than 2500 mm in grassed areas or less than 3000 mm below roads, walkways, and access pads

	2.4 Above-ground Piping
	.1 Provide insulation for all pipe and equipment with an operating surface temperature in excess of 50(C. Use a minimum thickness of 25 mm.  Use greater thicknesses as required to lower the outer skin temperature to below 40(C.
	.2 Provide insulation for all piping where heat retention is required, at the locations indicated on the Drawings and for other piping systems where insulation is indicated on the process drawings. 
	.3 Provide insulation at pipe hangers and supports with factory applied vapour jacket and a self-sealing lap, manufactured specifically for use at support locations.  It shall be a minimum of 200 mm long and of the same thickness as adjacent pipe insulation. 
	.4 Provide a suitable bonding agent to joint the preformed sections.
	.5 On exterior piping, provide aluminum jacketing with a minimum thickness of 0.9 mm, unless indicated otherwise.
	.6 Provide aluminum banding, 12 mm wide by a minimum of 0.5 mm thick with matching seals. 
	.7 Provide polypropylene jacketing at elbows, tees or other changes of direction and where indicated.  Use the heat-shrink type jacketing, with a minimal thickness of 0.1 mm. 
	.8 On interior piping, provide paintable canvas jacketing, ULC listed, 0.27 kg/m2 minimum. 


	3. EXECUTION
	3.1 Preparation
	.1 Do not install insulation and recovering 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
	.1 Ensure insulation is continuous through inside walls and floor penetrations.  Pack around pipes with fireproof, self-supporting insulation material, properly sealed.
	.2 Insulate piping and fittings as noted in the schedule below.  Insulate valves unless otherwise noted.  Do not insulate unions, flanges (except on flanged valves if valve must be insulated), Victaulic couplings, strainers, (except on chilled water lines), flexible connections and expansion joints.  Terminate insulation neatly with plastic material trowelled on a bevel.
	.3 Provide insulation on all process air pipes located in the building and tunnel areas.  Use 50 mm thick fibreglass insulation over the entire length of the pipe run except over couplings, valves, and meters.  Provide stainless steel bands over the insulation at a maximum of 300 mm centres. 
	.4 Unless indicated otherwise, do not insulate water body valves.
	.5 Terminate insulation 100 mm on each side of all flanges and grooved joint couplings. 
	.6 Finish insulation neatly on hangers, supports, and other protrusions.
	.7 Locate insulation or cover seams in least visible locations.  Locate seams on piping in ceiling spaces on the underside of the pipe.
	.8 Cover all insulated piping throughout with aluminum or paintable canvas recovery jacket secured with aluminum bands on 200 mm centres or screws on 150 mm centres, unless otherwise noted.  Lap the joints a minimum of 75 mm.  Align longitudinal seams in aluminum recovering to shed water.  All bands and screws are to be accessible for service and removal. 
	.9 Cold piping: seal lap joints with 100 percent 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.
	.10 Flare out staples may be used to secure jacket laps on hot systems.  Staples are to be applied on 100 mm centres.
	.11 Hot piping: for fittings and valves, apply hydraulic insulating cement, or apply factory fabricated insulation half shells.

	3.3 Process Pipe Insulation Installation Thickness Schedule
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	1. GENERAL
	1.1 Description
	.1 This Section specifies the supply, installation and testing of valves used for isolation, manual throttling, and flow modulating of the air supply system at North End Water Pollution Control Center (NEWPCC).

	1.2 Definitions
	.1 Valve Identification: valves are identified in the Drawings by valve symbols.  Refer to the Drawings for lists of valve symbols and labels. 
	.2 Actuators: valves are supplied with their standard operators as detailed in Part 2 unless otherwise noted in Section 11105 or Instrumentation Specification Sheets.
	.3 Detailed Valve Specification Sheets:
	.1 Detailed valve specification sheets are provided in Section 11105 for each type of valve which is:
	.1 Identified in the Drawings with a valve symbol and/or,
	.2 Described in Part 2 of this Specification Section.

	.2 Where there is a conflict between valves described in this Section and other valves described in Division 15 and Division 17, conform to the most stringent requirements.

	.4 Instrument Data Sheets for Modulating Control Valves: Division 17 specifies and takes responsibility for the supply and installation of electric and pneumatic control valves, complete with valve body, actuator, position indicator, and other ancillaries.  Valve bodies for these products will comply with the requirements as specified in Section 11105 and this Section.

	1.3 Submittals for Review
	.1 Shop Drawings: submit the following information in accordance with Section 01300:
	.1 Catalog cuts and/or Shop Drawings for each type of valve indicating the valve number, materials of construction, dimensions, head loss characteristics through the valve, operating torque and valve end configuration.
	.2 An amended Detailed Valve Specification Sheet for all valves.  Indicate with check marks where the valve supplied meets the requirements specified and with written amendments where the product differs from the specification.

	.2 Operating and maintenance data for incorporation in O&M Manual, as specified in Section 01735.  Include complete description of operation together with detailed drawings, a complete list of replacement and repair parts, and parts manufacturer's identifying numbers.
	.3 Affidavits and registration numbers described below in Quality Assurance.

	1.4 Quality Assurance
	.1 Provide Canadian Registry Number (CRN) designated by the Province of Manitoba for each valve type.
	.2 Provide affidavits of compliance, as required by AWWA C500 for gate valves.
	.3 For butterfly valves to be installed below ground, provide affidavits of compliance with AWWA C504.
	.4 Valves are to be marked in accordance with MSS SP-25.

	1.5 Shipment, Protection and Storage
	.1 Deliver valves to Site in accordance with Section 01600 and using loading methods which do not damage casings or coatings.
	.2 Clearly tag valves stating size, type, coatings, and mating parts.
	.3 Store on-site until ready for incorporation in the Work using methods recommended by the manufacturer to prevent damage, undue stresses, or weathering.


	2. PRODUCTS
	2.1 General
	.1 Provide valves of the same type, size range and service from a single manufacturer.
	.2 Provide new, unused valves for the Work.
	.3 Valve materials to be free from defects or flaws, with true alignment and bores.
	.4 Unless otherwise indicated on the Process and Instrumentation Drawings or specified in Division 17, valves shall be the same size as the pipe run in which they are to be installed.
	.5 Clearly mark valve bodies in raised lettering to indicate the valve type, rating, and where applicable, the direction of flow.  Conform to MSS SP25.
	.6 Provide padlockable lockout feature on all sizes of the following valve types:
	.1 Automated Control Valves (electric and pneumatic); FCV, LCV, PCV and XV only.  Refer to the Drawings for abbreviation definitions.
	.2 Specialty Valves; FV and PRV only.  Refer to the Drawings for abbreviation definitions.
	.3 Manual Isolation and Shut-off Valves; BF, BV, GL, GV, KV and PV only.  Refer to Section 11105 for abbreviation definitions. 

	.7 Specific requirements for the materials, ratings and service conditions for each valve are listed in Section 11105.
	.8 Valves to open counter-clockwise.

	2.2 Drawings
	.1 The process schematics indicate major process valves required for the process to operate as intended.
	.2 The detailed process drawings and process standard drawings indicate the valves on the process schematics plus other valves required for isolation.
	.3 Provide a ball isolation valve on the top of each drop pipe to replace existing butterfly valves for pre-aeration sections. 
	.4 Provide a butterfly isolation valve on the top of each drop pipe to replace existing butterfly valves for grit removal sections. 
	.5 Where a valve may be required for the process to function correctly or is required to satisfy fire and safety codes but it is not shown in the Drawings, inform the Contract Administrator and provide details and suggestions for remedial action.  Do not commence piping in the related pipe run until obtaining the Contract Administrator's approval.

	2.3 Valve Ends
	.1 In pipe runs less than 75 mm diameter provide valves with female threaded ends, unless indicated otherwise.  Threads to conform to ANSI B1.20.1.
	.2 Valves in pipe runs equal to or greater than 75 mm diameter to be flanged unless indicated otherwise.
	.3 For cast iron body valves, drill flanges to Class 125 pattern conforming to ANSI B16.1.  For steel body valves, flanges to be Class 150 pattern or Class 300 pattern conforming to ANSI B16.5 or as noted in Section 11105. 
	.4 Do not use grooved joint valve ends.
	.5 Use flanged joints for buried and exterior valves.  The flanges are to be compatible with the pipe and jointing technique used.
	.6 Use flanged joints for buried butterfly valves.
	.7 Lug style wafer body valves shall have tapped holes, suitable for the bolt spacing of the pipe flanges placed on either side.
	.8 Wafer body valves shall have positioning holes, suitable for the bolt spacing of the pipe flanges placed on either side.
	.9 For gate valves, end flanges shall be integral with the gate valve body and be faced and drilled in accordance with ANSI B16.1, Class 125 flanges.

	2.4 Manual Operators
	.1 Provide valves with manual operators unless specifically indicated otherwise on the process schematic drawings, mechanical drawings, in Section 11105, Division 17, or the Instrumentation Specification Sheets.
	.2 For handwheels, clearly show the direction of opening in raised lettering and symbols.
	.3 Handwheel diameter to conform to the following:
	.4 The maximum rim pull on a handwheel not to exceed 300 N when one side of the valve is at test pressure and the other side is at atmospheric pressure.  Where a shaft-mounted handwheel would require greater than this force to operate, provide a gear operator.  Unless different operators are scheduled or shown in the Drawings, conform to the following minimum requirements:
	.1 Gate Valves: less than 300 mm, handwheel; equal to or greater than 300 mm, gear operator.
	.2 Knife Gate Valves: less than 300 mm, handwheel; equal to or greater than 300 mm, gear operator.
	.3 Globe and Needle Valves: less than 200 mm, handwheel; equal to or greater than 200 mm, gear operator.

	.5 Match existing operating nuts.  Provide 2 eight-point operating wrenches.
	.6 Supply stem extensions and valve boxes for buried valves specified in the Drawings, Sections 11105, and in Clause 2.5 of this Section.  Provide two operating tees.
	.7 Lever operators to conform to the following dimensions:
	.8 Quarter-turn lever operators to be perpendicular to the pipe run when the valve is closed.
	.9 Lever operators on ball valves to be 10-position.  Provide butterfly valves with 10-position latching levers except where used to balance air flows.  Where used to balance air flows provide infinite position, screw down levers.
	.10 The maximum pull at the end of the lever arm not to exceed 300 N when one side of the valve is at test pressure and one side is at atmospheric pressure.  Where greater than this force would be required to operate the valve with a lever, provide a gear operator.  Unless different operators are scheduled or shown in the Drawings, conform to the following minimum requirements:
	.1 Plug Valves and Ball Valves: less than 150 mm, lever operator; greater than or equal to 150 mm, gear operator.
	.2 Butterfly Valves: less than 250 mm, lever operator; greater than or equal to 250 mm, gear operator.

	.11 Gear operator to be worm gear type, equipped with a handwheel and a visual indicator of the valve position.  Equip operators with adjustable mechanical stop-limiting devices to prevent overtravel of the disc/ball in the open and closed positions and which are self-locking and designed to hold the valve in any intermediate position between full open and full closed.  Gear operators shall be grease lubricated.  Where gear operators are intended for direct bury or submergence, seal units with long life lubricant.
	.12 Manual operators for butterfly and gate valves for buried service to include an AWWA operating nut and be gasketed and grease packed for submerged operation at water pressures to 700 kPa.  Operators for exposed service shall be gasketed for weatherproof service.  Place gearboxes above ground and liquid surfaces.
	.13 Gear and manual operators for submerged service to be permanently lubricated and sealed for operation at water pressures to 700 kPa.

	2.5 Valve Stem Extensions
	.1 Provide valve stem extensions where additional clearance is required for pipe insulation, where valve operation without the extension is difficult, and in manholes.
	.2 Where angle valve stem extensions are employed, they shall be angle geared.  Universal joint types are not permitted.

	2.6 Insulation
	.1 N/A

	2.7 Protective Coatings
	.1 Unless otherwise specified, provide valves coated in accordance with Section 11900.

	2.8 Cathodic Protection
	.1 Unless otherwise specified, provide cathodic protection to underground valves.

	2.9 Spare Parts
	.1 Provide one spare valve including the appropriate operator for each valve type and size.
	.2 Provide a list of all spare parts which would be expected to be required under normal conditions for a period of five years.  At the Contract Administrator's request, provide a price for these parts.


	3. EXECUTION
	3.1 Preparation
	.1 The valve and piping arrangement indicated in the Drawings is based on typical dimensions for valves of the specified type.  Make the necessary modifications in the piping to allow for discrepancies between the valve dimensions shown and those supplied for the Work.
	.2 Prior to the installation of the valves, field measure and check all equipment locations, pipe alignments, and structural installation.  Ensure that the valve location and orientation provides suitable access to manual operators and that sufficient space and accessibility is available for pneumatic and electric actuators.
	.3 Where conflicts are identified, inform the Contract Administrator and initiate the necessary piping modifications at no cost to the City.

	3.2 Valve Installation
	.1 Install valves in conjunction with the piping described in Sections 11050 and with control valves and their appurtenances described in Division 17.
	.2 In horizontal pipe runs other than in locations where space does not permit, mount all valves except for butterfly valves and trunnion ball valves with a vertical operating shaft with the actuator at the top. In no case install a valve with the operator shaft pointing down.
	.3 Mount butterfly valves and trunnion ball valves with the shaft in a horizontal orientation.
	.4 When joining valves to pipe or fittings, do not over-torque bolts to correct for misalignment.
	.5 Support valves in position using temporary supports until valves are fixed in place.
	.6 Permanently support valves to prevent transmission of loads to adjacent pipework or equipment.
	.7 Where valves are installed in PVC pipework greater than 100 mm diameter, support valves independently and brace against operating loads and torque to prevent transmission of stresses to the adjacent pipework.
	.8 Generally pipe supports and hangers are not shown unless for indication purposes only.
	.9 Install gate valves in the closed position.
	.10 Install valves which are bubble-tight in one direction to seal in a direction opposite to normal flow unless otherwise noted or directed by the Contract Administrator.
	.11 Unless otherwise specified, install single-seated ball valves and knife gate valves with the seat downstream.  Install at tank connections with seat away from tank.  Install on pump discharge and suction lines with seat adjacent to the pump.
	.12 Install all valves in accordance with the manufacturer's recommendations.
	.13 Protect valves installed below grade with a shrink sleeve or polyethylene sheath attached to the pipe with tapewrap.

	3.3 Valve Extensions
	.1 Install valve stem extensions where necessary to provide clearance from insulation.

	3.4 Insulation
	.1 N/A

	3.5 Valve Testing
	.1 Operate valves under simulated or real process conditions to ensure they operate as intended.
	.2 Pressure test the valves in conjunction with the pipes in which the valves are installed as specified in Section 11050.
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	1. GENERAL
	1.1 Description
	.1 This Section provides a summary of the valve body materials, valve performances and reference Specifications for use in the Work and should be read in conjunction with Sections 11050, 11055, and 11100.  Furnish all valves in accordance with the requirements of this Section and those requirements of Sections 11050, 11055, and 11100.  Where there is a conflict, conform to the most stringent requirements.
	.2 This Specification Section is comprehensive; some commodities and valve types may not be applicable to the Work.
	.3 Provide the valve type as indicated in the Drawings by the valve symbol shown.  Match the symbol, commodity and line size to the Detailed Valve Specification Sheet.
	.4 Valves identified in the Drawings with an equipment identification symbol or instrument identification symbol are specified in Sections 11100.  Detailed Valve Specification Sheets referenced by other Sections are independent of this Section. 
	.5 Named Acceptable Products are shown to define basic materials and performance criteria required for each valve type.  Modify valves as specified to meet the service requirements of the system and detailed specifications.

	1.2 Definitions
	.1 Abbreviations used in Detailed Valve Specification Sheets:


	2. PRODUCTS
	2.1 Schedule
	.1 Page 2 to 3 following.


	3. EXECUTION
	.1 Not used
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	1. GENERAL
	1.1 Work Included
	.1 Supply, delivery, and supervision of installation, and testing of process electric actuators.

	1.2 Submissions
	.1 Shop Drawings: submit Shop Drawings for all actuators in accordance with Section 01300 and Section 11005.  In addition to the information requirements of Section 11005, include the following:
	.1 Calculations indicating the operating torque of the valve or gate for which the actuator is to be supplied.
	.2 The torque rating of the actuator.

	.2 Operating and Maintenance Data:  Provide for incorporation in O&M Manual as specified in Section 01735.

	1.3 Delivery and Storage
	.1 Deliver actuators to Site using unloading methods which do not damage casings or coatings.
	.2 Clearly tag actuators indicating size, type, model number, coatings, and mating parts.
	.3 Store on-site for incorporation in the Work using methods recommended by the manufacturer to prevent damage, undue stresses, or weathering.

	1.4 Process Valve and Actuator Detailed Specification Sheets and Schedules
	.1 Process Valves are identified in the Drawings by an alpha-numeric code.
	.2 Create a valve schedule listing the critical valves required for process operation.  The schedule lists the valves and actuators by type, and the function and location of the valve in the process.  Ensure all valves and actuators are in compliance with the Section 11100.  Do not commence Work on any piping runs until review of valve and actuator selection has been received from the Contract Administrator.


	2. PRODUCTS
	2.1 General 
	.1 Provide new, unused actuators for the Work.
	.2 Use materials for actuators that are free from defects or flaws.
	.3 Tag actuators to indicate operating characteristics and inlet and outlet ports for electric or pneumatic services.
	.4 Standard of acceptance for all electric actuators shall be top mounted Bray Electrical Actuator.
	.5 Provide actuators with mechanical position indicators.

	2.2 Drawings
	.1 Review and verify piping and instrumentation drawings (P&IDs), ensuring that they indicate all valves and automatic actuators that are critical to proper process operation.  Where valves or actuators are not indicated, inform Contract Administrator.

	2.3 Manual Actuators
	.1 Provide valves with manual actuators unless indicated otherwise in other Specification Sections or shown on the process and instrumentation drawings.
	.2 For manual actuators located more than 1830 mm above the floor, provide chain operators.

	2.4 Electric Actuators, Open/Close, Quarter Turn, Less than 1,000 N-m Torque
	.1 Use electric operators that are suitable for mounting on quarter turn valves intended for on/off service.
	.2 For actuators rated at less than or equal to 100 Nm, incorporate a 120V/1 phase/60 Hz motor.  For actuators rated at greater than 500 Nm and less than or equal to 1,000 Nm, use a 208 V/3 phase/60 Hz motor.  In each case, use motors that are high torque, reversible.
	.3 Use motors that are rated for continuous duty, as defined in the appropriate NEMA standard.
	.4 Incorporate thermal overload devices in motor windings to protect the motor against overheating.
	.5 Unless noted otherwise, design the actuators to fail to the last position when the control function or power fails.
	.6 Fit each actuator with a hand wheel that will enable manual override control of the valve.  Incorporate a method of ensuring that when the manual override is engaged, motor driven operation is precluded.
	.7 Make each actuator capable of operating in any horizontal or vertical orientation.
	.8 Provide external mechanical indication of valve position.
	.9 House internal components in a NEMA 4X enclosure, waterproof and moisture resistant and corrosion-resistant, and permanently lubricated.  Use stainless steel connectors for all exposed connections.
	.10 For actuator drive train, use steel or aluminum gears arranged with worm gears or compound gear assembly.  Design gears in accordance with AGMA standards for heavy duty, intermittent service.  Ensure that geared drive train can withstand locked rotor conditions.  Incorporate bearings designed with an ABFMA B10 life in excess of 40,000 hours.
	.11 Use gears and bearings that are non-lubricated or permanently lubricated.
	.12 In each actuator, incorporate two SPDT travel limit switches, 10A, 120V AC, CSA listed. The travel limit switches shall each be adjustable.
	.13 In each actuator, incorporate two SPDT torque limit switches, 10A, 120V AC.  Make the torque limit switches factory pre-set and field adjustable.
	.14 Provide mechanical limit stops, adjustable, to ensure over-turning of the valve door does not occur.
	.15 Protect exterior mounted actuators against high temperature and condensation.
	.16 Design the actuator so that the opening and closing speed is field adjustable.
	.17 Provide a terminal board for field wiring.  Include contacts to indicate the open/closed status of the valve, overheating alarm, and overtorque alarms.

	2.5 Electric Actuators, Open/Close, Quarter Turn, Greater or Equal to 1,000 kN-m Torque
	.1 Use electric operators that are suitable for mounting on quarter turn valves intended for open/close service.
	.2 Incorporate a 600V/3 phase/60 Hz motor.  Use motors that are high torque, reversible.  Select motor that is capable of at least 10 starts per hour.  Size motor to open valve within 60 seconds maximum.
	.3 Use motors that are rated for continuous duty, as defined in IEC Standard 34-1.
	.4 Incorporate thermal overload devices in motor windings to protect the motor against overheating.
	.5 Unless noted otherwise, design the actuators to fail to the last position when the control function or power fails.
	.6 Fit each actuator with a hand wheel that will enable manual override control of the valve. Incorporate a method of ensuring that when the manual override is engaged, motor driven operation is precluded.
	.7 Provide external mechanical indication of valve position.
	.8 House internal components in a NEMA 4X enclosure, waterproof and moisture resistant and corrosion-resistant, and permanently lubricated.  Use stainless steel connectors for all exposed connections.
	.9 For actuator drive train, use stainless steel or machine steel gears and shafts.  Design gears in accordance with AGMA standards for heavy duty, intermittent service.  Ensure that geared drive train can withstand locked rotor conditions.  Incorporate bearings designed with an ABFMA B10 life in excess of 40,000 hours.
	.10 Use oil lubricated gearbox.  Seal using o-rings or gaskets.  Provide a minimum of two filling points.
	.11 In each actuator, incorporate two SPDT travel limit switches, 10A, 120V AC, CSA listed.  The travel limit switches shall each be adjustable.
	.12 In each actuator, incorporate two SPDT torque limit switches, 10A, 120V AC.  Make the torque limit switches factory pre-set and field adjustable.
	.13 Provide mechanical limit stops, adjustable, to ensure over-turning of the valve door does not occur.
	.14 Protect exterior mounted actuators against high temperature and condensation.
	.15 Design the actuator so that the opening and closing speed is field adjustable.
	.16 Provide a terminal board for field wiring. Include contacts to indicate the open/closed status of the valve, overheating alarm, and overtorque alarms.

	2.6 Electric Actuators, Open/Close, Multi-Turn
	.1 Use electric operators that are suitable for mounting on non-rising stem valves or gates that are intended for open/close service.
	.2 Incorporate a 600V/3 phase/60 Hz motor.  Use motors that are high torque, reversible.  Select motor that is capable of at least 10 starts per hour.  Size motor to provide a minimum of 30 rpm or sufficiently high to open or close gate within 10 minutes, whichever requires greater motor size.
	.3 Use motors that are rated for continuous duty, as defined in IEC Standard 34-1.
	.4 Incorporate thermal overload devices in motor windings to protect the motor against overheating.
	.5 Unless noted otherwise, design the actuators to fail to the last position when the control function or power fails.
	.6 Fit each actuator with a hand wheel that will enable manual override control of the valve or gate.  Incorporate a method of ensuring that when the manual override is engaged, motor driven operation is precluded.
	.7 Provide external mechanical indication of valve or gate position.
	.8 House internal components in a NEMA 4X enclosure, waterproof and moisture resistant and corrosion-resistant, and permanently lubricated.  Use stainless steel connectors for all exposed connections.
	.9 For actuator drive train, use stainless steel or machine steel gears and shafts.  Design gears in accordance with AGMA standards for heavy duty, intermittent service.  Provide method that allows higher shock loads to valves or gates at the beginning of operation so that they unseat.  Ensure that geared drive train can withstand locked rotor conditions.  Incorporate bearings designed with an ABFMA B10 life in excess of 40,000 hours.
	.10 Use oil lubricated gearbox.  Seal using o-rings or gaskets.  Provide a minimum of two filling points.
	.11 Design so that motor can be disconnected without draining the lubricant from the actuator gear case.
	.12 In each actuator, incorporate two SPDT travel limit switches, 10A, 120V AC, CSA listed.  The travel limit switches shall each be adjustable.
	.13 In each actuator, incorporate two SPDT torque limit switches, 10A, 120V AC.  Make the torque limit switches factory pre-set and field adjustable.
	.14 Provide mechanical limit stops, adjustable, to ensure over-turning of the valve door does not occur.
	.15 Protect exterior mounted actuators against high temperature and condensation.
	.16 Design the actuator so that the opening and closing speed is field adjustable.
	.17 Provide a terminal board for field wiring.  Include contacts to indicate the open/closed status of the valve, overheating alarm, and overtorque alarms.

	2.7 Electric Actuators, Modulating
	.1 Select actuators for modulating duty that are generally as described in Clause 2.6, but that modulate in response to a 4-20 mA control signal.  For modulating actuators, incorporate a servo drive system suitable for continuous modulation.
	.2 Incorporate an 115V/1 phase/60 Hz motor.  Use motors that are high torque, reversible. 
	.3 For modulating service, select motors that are capable of 1200 starts per hour. 
	.4 Fit actuators for modulating duty with a position retransmit module (4-20 mA) for remote indication.

	2.8 Current-to-Pneumatic (I/P) Converters
	.1 Provide I/P converters where required.
	.2 Supply all required hardware for mounting the I/P converter on the controlled device.
	.3 I/P converter to be of EEMAC 4, minimum.
	.4 I/P converter to operate with instrument quality control air at an operating pressure range of 20 to 200 kPa.

	2.9 Valve Positioners
	.1 When specified on the Instrument Specification Sheets supply compatible positioners pre mounted to each actuator.  Do not mount the positioner upside down.
	.2 Each positioner to service the entire operating range of the actuator.  The equipment position shall be fed back to the positioner through a mechanical linkage.
	.3 Positioner to operate with instrument quality, oil-free control air.
	.4 Provide three independent, interchangeable cams for each positioner - linear function, square function, and square root function.
	.5 Mount a pressure gauge on the positioner to measure air output.

	2.10 Position Switches and Indicators
	.1 When specified on the Instrument Specification Sheets, supply actuator assemblies pre mounted with external position monitors which include two (2) cam actuated “GO” Form C rated proximity switches, a 5 pole male receptacle, a polycarbonate dome beacon and an EEMAC 4 (minimum) enclosure.
	.2 Cams to be fastened to a splined shaft and adjustable without set screws.
	.3 Provide a visual indicator with beacon type display showing red when the controlled device is in the closed position, and green in the open position.
	.4 Supply all required hardware for mounting of position monitor in accordance with the specified valve/actuator orientation.
	.5 Diaphragm actuated valves to have external position monitor actuated through linkages.
	.6 Enclosures to be suitable for environment to which they are exposed.

	2.11 Finishes
	.1 Actuators shall be shop finished in accordance with Section 11901.


	3. EXECUTION
	3.1 Preparation
	.1 Prior to the installation of the actuators, field measure and check all equipment locations, pipe alignments, and structural installations.  Ensure that the valve location and orientation provides suitable access to manual actuators and that sufficient space and accessibility is available for maintenance and to allow unobstructed view of operation and position of pneumatic and electric actuators.
	.2 Where conflicts are identified, inform the Contract Administrator and initiate the necessary piping modifications.

	3.2 Installation Training
	.1 Inform the installer of all procedures and requirements necessary for the successful installation of the equipment.  Attest to the installer's understanding by completing Form 101, included in Section 01650.

	3.3 Installation
	.1 Ensure the equipment is installed as required to provide satisfactory service.
	.2 Cooperate with the installer to fulfill the requirements for a successful installation, as documented by Form 102, included in Section 01650.

	3.4 Testing
	.1 Ensure the equipment, including all component parts, operates as intended.  Testing includes field verification of operating speed and torque outputs at rated operating conditions.
	.2 Cooperate with the installer to fulfill the requirements for successful testing of the equipment as documented by Form 103, included in Section 01650.

	3.5 Commissioning
	.1 Attend during commissioning of the process system which includes the equipment specified in this Section and to ensure the equipment functions as intended in the process system.
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	1. GENERAL
	1.1 Work Included
	.1 This Section specifies the supply, installation, testing and commissioning of all components of the coarse bubble aeration devices within the scope of this Contract. 
	.2 These aeration devices will be installed in aerated grit removal tanks and shall be subjected to loads and conditions produced by lateral hydraulic flows containing solids, debris, grit and fibrous accumulations within these tanks during normal operation. 
	.3 The complete coarse bubble aeration device system covered in this Section shall be defined as extending from the top flange of the drop pipe sections through all submerged piping, wall brackets, cradle supports, diffusers as specified within this Section and the Contract Drawings.
	.4 The Supplier shall design, fabricate and deliver components and mechanisms and all other associated equipment, appurtenances, and controls required to install coarse bubble aeration systems for existing grit removal and pre-aeration tanks at the North End Water Pollution Control Centre Centrate (NEWPCC).
	.5 The Supplier shall provide Site Services for the components and all other associated equipment and appurtenances related to the installation of the coarse bubble aeration systems in the grit tanks as listed below:
	.1 Witnessing of equipment installation
	.2 Operation and maintenance training

	.6 Work not included in this Section:
	.1 The following items are specified under other Sections of these Specifications:
	.1 The air supply pipes outside the grit removal and pre-aeration tanks are specified in Process Piping – Section 11050 and Detailed Piping Specification Section 11055.



	1.2 Definitions
	.1 Normal cubic metres per minute (Nm3/min):  the volumetric flow rate in cubic metres per minute at 20°C, 36% relative humidity and 101.3 kPa absolute pressure.
	.2 Absolute pressure, kilopascals:  kPaA.
	.3 Gauge pressure, kilopascals:  kPa.

	1.3 Submissions
	.1 Equipment Submittals
	.1 All Drawing submittals shall include electronic copies in AutoCAD 2000 format.

	.2 Shop Drawings: Submit in accordance with Section 01300 and Section 11005.  In addition to the requirements of Section 11005, include the following:
	.1 A copy of this Section with check to indicate conformance or acceptance of each clause.  Non-conformance shall be indicated by a cross “X”.
	.2 Provide calculations and/or computer simulations illustrating how the coarse bubble aeration system will satisfy the aeration requirements in the grit removal and pre aeration tanks in which it is placed.  As a minimum provide:
	.1 Maximum capacity and design operating airflow for each diffuser, in nm3/min.
	.2 Maximum capacity and design operating  airflow for each manifold, in nm3/min.
	.3 Number of diffusers on each manifold, based on airflow requirements and diffuser capabilities.

	.3 Provide the Certified Diffuser Headloss Curve for the applied coarse bubble diffusers.
	.4 Manufacturer's data including the weight of each dropleg and diffuser assembly.
	.5 General arrangement drawings showing the complete dropleg and diffuser assembly for each of the required arrangements.
	.6 Dimensioned drawings showing dropleg, pressure test (PT) test plug, lifting lugs/lifting eyes, manifold, diffusers, orifices, connectors, supports and anchors.
	.7 Start-up, testing and adjustment procedures.

	.3 Operation and Maintenance Data: Provide data for incorporation in the O&M Manual as specified in Section 01300.  Include complete description of operation together with general arrangement and detailed drawings, parts catalogues with complete list of repair and replacement parts with section drawings illustrating the connections and identifying numbers.
	.4 Detailed Aeration System Design:  Based on the basic design parameters contained in this section and the verified performance characteristics of the mixing devices proposed, undertake detailed design of the aeration system and submit the calculations, drawings and any other explanatory information.  Ensure the design calculations are signed and sealed by a Professional Engineer registered in Canada or USA.

	1.4 Coordination
	.1 Coordinate with other Divisions to ensure there are no conflicts in Work.

	1.5 Shipment, Protection and Storage
	.1 Ship equipment pre-assembled to the degree, which is practicable.  Inform installer of any site assembly requirements.
	.2 Provide storage instructions indicating specific requirements to ensure there is not uneven wear, distortion, weathering of components or any other deterioration of the components.
	.3 Identify all other special storage requirements.  


	2. PRODUCTS
	2.1 Function
	.1 The coarse bubble aeration devices provide desired rolling patterns in grit removal sections to facilitate grit settlement in grit removal sections and adequate rolling speeds to prevent solids deposition in pre-aeration sections.
	.2 These aeration devices, including manifold and diffusers, are to be installed in grit removal and pre-aeration tanks.  It is the design  intent of these devices to be capable of withstanding the forces and conditions subject to occurring within these structures.
	.3 Provide end products of one manufacturer to achieve standardization for operation, maintenance, spare parts and manufacturer's service.
	.4 Diffusers shall be coarse bubble, elastomer tapered nozzle style.
	.5 Provide minimum 10 air diffusers for each manifold.

	2.2 Manufacturers’ Qualifications
	.1 Manufacturer shall provide no less than five years experience in the design, construction and operation of the coarse bubble diffused aeration equipment described herein.
	.2 The Contract Administrator may require evidence, in the form of operating records, from these plants to verify the ability of the equipment to perform as required.
	.3 The Contract Administrator reserves the right to request certified tests results of a diffuser tested to the conditions specified within this section.

	2.3 Design Standards
	.1 M-15 manifold assembly manufactured by Tideflex Technologies Inc..

	2.4 Acceptable Manufacturers
	.1 Acceptable manufacturers are:
	.1 Tideflex Technologies Inc., M-15 manifold assembly or approved equal in accordance with B6.


	2.5 Capacities and Performance
	.1 Design capacity 
	.1 Grit removal sections:   
	.1 Air delivery capacity:   40 Nm3/hr/m of tank length  
	.2 The diffuser unit airflow rate shall not exceed 25.5 m3/hr (15 cfm) per diffuser under any condition with the system.
	.3 Provide 10 diffusers for each horizontal manifold within grit removal sections and 15 diffusers for each horizontal manifold within pre-aeration sections. 
	.4 Maintain equal space between diffusers on the horizontal manifolds to promote even air distribution throughout entire tank
	.5 The design diffuser unit airflow rate shall not exceed 80 percent of the diffuser’ maximum capacity. 
	.6 Design rolling patterns:  produce a rolling velocity of 0.60 to 0.75 m/s at level of 150 mm below water level near the tank entrance with designed air supply rate with grit removal sections.
	.7 The manifold assembly to be M-15 model manifold assembly manufactured by Tideflex Technologies Inc. or approved equivalent.

	.2 Pre-aeration sections:  
	.1 Air delivery capacity:  40 to 50 m3/hr/m of tank length during normal operation.
	.2 The manifold assembly to be M-15 model manifold assembly manufactured by Tideflex Technologies Inc. or approved equivalent.
	.3 Add additional diffusers to the M-15 model manifold assembly as specified by the Contract Drawings.


	.2 Air bower discharge temperature: 70 to 125°C.

	2.6 Materials
	.1 Fabricate Diffuser of EPDM .
	.2 Fabricate Orifice of Stainless steel, type 304.
	.3 Fabricate manifolds of Stainless steel pipe, type 304.
	.4 Fabricate dropleg of Stainless steel pipe, type 304, Schedule 40.
	.5 Fabricate supports and anchors of Stainless steel, type 304.
	.6 Fabricate PT test plug and adapter of Stainless steel, type 304.
	.7 Fabricate PT test plug core of Neoprene.
	.8 All stainless steel components must be pickled and passivated in accordance with Sections 15050 and 05500.

	2.7 Diffusers
	.1 Provide non-clog, coarse bubble, elastomeric tapered nozzle type diffusers.
	.2 Diffusers shall be clamped to a bushing or pipe nipple using a heavy duty clamp to ensure the diffuser will not separate from the connection during operation.  
	.3 The diffuser shall have backflow prevention capability and non-detachable from the diffuser assembly.  
	.4 The maximum center to center diffuser spacing shall be 24 inches.

	2.8 Diffuser Connection
	.1 The elastomer diffusers shall be clamped to a bushing or pipe nipple using a heavy duty clamp. 
	.2 The diffuser and connection shall be capable of withstanding an impact load of 45 kg (or 100 pounds) against the discharge tapered end of the diffuser, deflect to a minimum allowance of 45 degrees and recover to the normal operating position
	.3 The diffusers shall be connected  to the bottom of the manifold. 

	2.9 Horizontal Manifold
	.1 Construct manifold of Type 304 stainless steel pipe.
	.2 Size manifold so that headlosses are less than 10 percent of diffuser orifice losses, and in no case are the velocities greater than:
	.1 Less than 150 mm diameter 12 m/s
	.2 150 mm to 250 mm diameter 15 m/s
	.3 Greater than 260 mm diameter 20 m/s.

	.3 Provides adequate structural strength to resist buoyant forces.  Use a minimum safety factor of 3.0 to determine wall thickness and support spacing.
	.4 Reinforce the center tee with angle members welded to the vertical and horizontal sections as necessary to resist bending forces.
	.5 Design manifold so that diffusers are held at the same elevation throughout the tank.
	.6 Provide manifolds with expansion joints or flexible couplings, with appropriate stainless steel restraining rods, as necessary, to withstand expansion and contraction.
	.7 Pipe Clean-Outs
	.1 Pipe clean-outs shall be provided at the end of the end of each horizontal manifolds.
	.2 The clean-out shall be fabricated with a SS 304 cover plate, full diameter elastomer gasket and a centered threaded stud welded into the interior of the horizontal pipe and connected with a nyloc type nut and spacer.  The cap shall be capable of preventing any air discharge under a minimum operating pressure of 25 psi.


	2.10 Drop Pipes 
	.1 Provide drop pipes  to limits identified on the Drawings.
	.2 Vertical drop pipes shall be minimum schedule 10, SS 304.
	.3 Provide stainless steel lifting lugs/lifting eyes at appropriate locations to allow removal and re-installation of the drop pipes, manifold and diffuser assembly.
	.4 Provide a 12 mm diameter PT test plug at the top of each drop pipe.  Ensure the test plug is capable of receiving a probe 3 mm nominal outside diameter and rated for zero leakage at a pressure of 200 kPa.
	.5 Design the drop pipe with expansion joints and/or flexible couplings as necessary to withstand thermal expansion and contraction caused by temperatures from -40°C to 150°C.
	.6 Provide a flanged reinforced elastomer expansion joint followed by the cam-lock or Victaulic Rigid Coupling at the top of each drop pipe section.
	.7 Support the drop pipe so that no forces are imparted to the aeration header.
	.8 Stainless steel bolts, nuts and neoprene gasket shall be provided for field connection of each vertical pipe.

	2.11 Vertical Piping Supports Brackets
	.1 All components of the bracket assembly shall be SS 304.
	.2 The bracket shall be equipped with a quick connect cam-lock type closure for locking the drop pipe section of the manifold into the bracket assembly  or Victaulic Rigid Coupling Style 489 SS304 for connection to grooved ends .  The interior ring of the cam-lock shall be equipped with a neoprene lining for seating against the drop pipe section.
	.3 Stabilize the drop pipe against movement with horizontal and/or vertical supports.
	.4 Design and provide a sufficient number of supports and anchors to fully support the drop pipe, manifold, and diffuser assembly and to eliminate vibration and the possibility of fatigue failure.
	.5 Ensure supports have sufficient bearing surface to prevent the supported pipe from crimping due to slight movements in the pipe.
	.6 Provide supports with a method of adjusting for angular and vertical alignment.  Make support infinitely adjustable within its limits by raising and lowering nuts on threaded support rods.
	.7 Double nut all connections to prevent creep.

	2.12 Horizontal Manifold Support Brackets
	.1 All components of the bracket assembly shall be SS 304.
	.2 Assembly components shall consist of one cradle bracket to be wall anchored, extend off the wall as specified on the dimensional drawings, have a cradle portion equal to ½ the perimeter distance of the manifold and extend outward in both directions at 45 degrees for a minimum distance of 1.5 times the manifold diameter.
	.3 .The assembly shall be anchored to the wall using SS 304 wall anchors at the same load capacity as the vertical wall bracket assembly.

	2.13 Protective Coatings
	.1 After welding, pickle and passivate all stainless steel surfaces to remove carbon deposits, grease and oil and to aid the regeneration of a uniform corrosion resistant chromium oxide film.  Pickle by means of a full immersion passivation bath.  Refer to Section 05500.

	2.14 Spare Parts
	.1 Provide as a minimum, the following spare parts:
	.1 Two percent of the number of installed diffusers, including air balancing orifices.
	.2 Two percent of each size and type of dropleg support.
	.3 Two percent of each size and type of manifold support.

	.2 Provide a list of all spare parts which may be required within five years of placing the system in operation, complete with prices in accordance with required submittals.


	3. EXECUTION
	3.1 Manufacturer’s Representative
	.1 Arrange for a technically qualified Manufacturer’s Representative to attend the installation work, certify correct installation, train operating and maintenance staff and undertake the testing of the system for sufficient periods, to ensure the equipment is installed, operated, and maintained in accordance with the manufacturer’s recommended procedures. 

	3.2 Installation
	.1 Instruct the Contractor in the methods and precautions to be followed in the installation of the equipment. Certify the Contractor’s understanding by completing Form 101, included in Section 01650.
	.2 Cooperate with the Contractor to fulfill the requirements for a successful installation as documented by Form 102, included in Section 01650.
	.3 Install diffusers after air supply piping has been thoroughly cleaned and purged.
	.4 Install coarse bubble aeration devices taking all necessary precautions to ensure proper alignment and to prevent entry of any foreign matter into the piping.
	.5 Inspect pipe assemblies for dimensional accuracy.  Ensure tolerances conform to spooling fabrication tolerance sheet and that tool dies, jigs, and fittings used throughout the manufacturing process are periodically inspected to ensure that dimensional tolerances are observed.  Visually inspect all fittings and assemblies to ensure good quality welding.

	3.3 Testing
	.1 Test the coarse bubble aeration system in accordance with Section 01650.
	.2 Cooperate with the Contractor to fulfill the requirements for successful testing of the equipment as documented by Form 103, included in Section 01650.
	.3 Undertake the following tests:
	.1 Test each support with a lever placed on a fulcrum.  Apply the static load to the opposite end of the lever, producing a vertical extracting force on the support anchor equal to the maximum buoyant force to which the anchors will be subjected, times the buoyancy safety factor (3.0).
	.2 Check for air leaks by fully submerging all piping and accessories in clean water, turning the air on and eliminating any leaks at both minimum and maximum airflows.  No leaks are permitted.
	.3 Check for proper elevation of diffusers with an engineer's level or laser or by filling the tanks with clean water to the top of the diffusers.  Ensure diffusers are at the same elevation plus or minus 5 mm.

	.4 Mixing Performance Tests:
	.1 Test at least one tank.
	.2 Ensure that each diffuser, including all components parts, operates as intended.
	.3 Conduct testing to confirm satisfactory stirring.  Conduct these tests using raw wastewater of similar quality as that processed under normal operating conditions.  Fill the channel with the raw wastewater,  start and continue mixing with design air supply rate for 30 minutes.  At that time, withdraw samples from at least five points at various location along the tank.  
	.4 Sample locations should be confirmed with Contractor Administrator.
	.5 Analyze each sample to determine the suspended grit content.  The test will be deemed successful if the 200 micron size grit capture rate equals or exceeds 95 percent.

	.5 Prepare a test report summarizing the findings of the performance tests.  Include appendices containing all data, description of test procedures, summary of results analysis, discussion of any anomalies, and a summary indicating compliance or non-compliance with performance requirements.
	.6 In the event that the system does not satisfy the performance requirements, provide and install additional equipment or make all necessary modifications.  After making these changes, repeat the mixing performance tests.
	.7 Cooperate with the contractor to fulfill the requirements for successful testing of the equipment as documented by Form 103, included in Section 01650.
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	1. GENERAL
	1.1 Work Included
	.1 Provide, apply, and maintain the specified field applied protective and maintenance coating systems.  Coatings are required on all process and mechanical equipment, vessels, and pipes unless specifically deleted.
	.2 Refer to Drawings and schedules for the type, location, and extent of coatings required and include for all field coating necessary to complete all the Work shown, specified, or scheduled.

	1.2 Reference Standards
	.1 Reference to the SSPC Good Painting Practice and the National Association of Corrosion Engineers specifications refers to the latest edition of these specifications.
	.2 Apply all coating in accordance with manufacturers' recommendations, and to SSPC Standard. Specifications contained therein take precedence over manufacturers' recommendations.
	.3 Strictly observe all safety rules and regulations of the City, applicable governing bodies, and insurance underwriters in the storage, handling, use, and application of coating system material, solvents, and cleaning agents.
	.4 Employ qualified and competent personnel to perform the Work in a neat and workmanlike manner, conforming to all City and Government Safety Standards and Regulations.

	1.3 Shipment, Protection, and Storage
	.1 Deliver all materials to the Site in sealed containers properly labeled as to the manufacturer's name, type, and colour of contents, date of manufacture, batch number, storage requirements, and shelf-life.
	.2 Provide adequately ventilated storage for all materials and ensure compliance with fire prevention regulations.

	1.4 Restrictions
	.1 Regardless of whatever else is specified in this Section, no paint containing a chromate based additive can be used.


	2. PRODUCTS
	2.1 Manufacturers
	.1 All constituents of each coating system are to be provided by the same manufacturer.

	2.2 Coating Application
	.1 Use application methods in accordance with the coating manufacturer's recommendation for the particular coating being applied, and the requirements of SSPC Good Painting Practice.
	.2 Provide traps or separators to remove oil and water from the air, so that the air from the spray gun impinging onto the steel substrata shows no condensed water or oil.
	.3 Hand brush all welded and hard-to-spray areas prior to the first spray coat application, with coating mixed to manufacturer's recommended procedures.
	.4 Coat by brush, roller, sheepskin dauber, or other suitable method, all areas inaccessible to the spray gun.
	.5 Do not apply coatings to a surface at a temperature that will cause blistering, separation or otherwise be detrimental to the life of the coating.
	.6 Only thinners specified by the manufacturer are acceptable.
	.7 Materials that exceed manufacturer's published shelf life are not acceptable.
	.8 Immediately brush out all runs, sags, blisters, etc, or remove and repair the area prior to the next application.
	.9 Apply the coating using a 3-coat, 2-colour system.
	.10 Apply coating by conventional or airless spray as power coating manufacturer's data sheet.
	.11 Follow manufacturer's application procedures as closely as possible as to recommended pressures, atomization, etc.
	.12 Provide final dry film coating thickness in accordance with the coating manufacturer's specification.
	.13 Apply the coating 100 percent holiday free.

	2.3 Drying and Curing
	.1 Accommodate all drying and re-coat times in accordance with the manufacturer's specifications.
	.2 Cure in accordance with the manufacturer's recommended specifications.  Force curing specifications are available from manufacturer if required.
	.3 Supply indirect fired heaters and ducting as required to maintain drying and curing temperatures during coating operations.

	2.4 Quality Control and Acceptance
	.1 Apply, cure, and handle coatings using procedures which produce a final product that complies to the manufacturer's published literature and performance testing conducted by the City.
	.2 Ensure the finished coating is free of obvious defects such as runs, sags, blisters or pinholes, air entrapment, fish-eyes, and foreign matter.
	.3 Provide film thickness, as determined by a calibrated Mikrotest gauge or equivalent in accordance with B6, in accordance with SSPC Good Painting Practice.
	.4 Apply all immersion coating 100 percent holiday free.
	.5 Conduct wet sponge holiday testing in accordance with proposed NACE Standard, "Holiday Detection of Internal Tubular Coatings" (less than 0.254 mm (10 mil) thickness).
	.6 A "holiday" is an area of applied coating with electrical resistance less than 80,000 ohms as identified by a detection instrument connected to a clean sponge wetted with a solution of one teaspoon of detergent per 3.78 L of tap water.
	.7 No immersion coating will be accepted or released from coating applicators until fully cured.  Cure test will be performed using the M.E.K. rub test in conjunction with a time and temperature relationship for the coatings being used.
	.8 Repair or replace at the Contractor's expense any coating not meeting the requirements of this Specification.

	2.5 Surface Treatment
	.1 Remove all organic substances such as oil, grease, paraffin, etc. in accordance with SSPC-1, "Solvent Cleaning", prior to commencement of sandblast cleaning operations.
	.2 Provide proper traps or separators to remove all oil and water from the air supply.  The air from the blast nozzle is to be free of condensed water or oil that will impinge onto steel substrata.  In high humidity areas, the use of air dryers may be required.
	.3 Do not blast surfaces when surface temperatures are less than 10°C, when substrata is less than 3°C above the dew point, when the relative humidity is greater than 80 percent, or when there is a possibility that the blasted surface will be subject to wetting prior to the primer coat being applied.
	.4 Blow down all surfaces with clean, dry air; brush and vacuum free of dust before the surface is primed.
	.5 Do not blast more surface than can be prime coated before visible or detrimental re-rusting occurs.
	.6 Use siliceous sand, free of dirt, clay or other foreign material, graded 16/30 or 20/40 mesh to give an anchor pattern 0.038 mm to .076 mm (1.5 to 3.0 mil).

	2.6 Schedule of Surface Treatments
	.1 The schedule of Surface Treatments defines the components of the protective coating systems.

	2.7 Schedule of Protective Systems
	.1 The schedule of protective systems defines the combination of surface treatments required in each system and the sections of the plant to which it is to be applied.  The systems have been grouped into there categories as follows:
	.2 Category A: Immersed Service - equipment or material fully, partially, or intermittently immersed in sewage during routine plant operation.
	.3 Category B: Exposed Service - equipment or material exposed to the normal range of atmospheric conditions and conditions common to sewage treatment facilities (high humidity, H2S, etc.)
	.4 Category C: Indoor Service - equipment or material inside buildings or other ventilated spaces.

	2.8 Category A
	.1 Category A: all category A systems will be tested by the Contract Administrator using a wet sponge holiday detector set at 67.5 volts.  Touch up will be required at points where the detector is grounded.

	2.9 Category B
	.1 Schedule

	2.10 Category C
	.1 Schedule

	2.11 Colour Coding
	.1 Refer to Section 11910 for pipe and equipment identification colour coding.

	2.12 Acceptable Products
	.1 Amercoat Ltd.
	.2 Carboline 
	.3 General Paints Ltd.
	.4 ICI Paints Ltd.
	.5 Plasite 
	.6 Rust Oleum 
	.7 Valspar 


	3. EXECUTION
	3.1 Quality Assurance
	.1 Apply and cure all paints and coatings strictly in accordance with the manufacturer's directions.
	.2 Pay particular attention to ensure the compatibility of each surface treatment with the preceding and subsequent surface treatment and coatings.  Be responsible for the compatibility of all surface treatments and coatings.

	3.2 Environmental Conditions
	.1 Apply no coating when the ambient or surface temperature is below 10°C or less than 3°C above the dew point.
	.2 Provide a minimum of 300 lux illumination on surface to be treated.
	.3 Do not apply coatings where dust is being generated.

	3.3 Protection
	.1 Provide sufficient drop cloths, shields, and protective equipment to prevent spray or droppings from fouling surfaces not being painted.  Make good any damage resulting from inadequate or unsuitable protection.
	.2 Maintain all coated surfaces until completion of the Work.  Make good within seven days any damage to coatings.
	.3 Place cotton waste, cloths, and material which may constitute a fire hazard in closed metal containers and remove from the Site at suitable intervals.
	.4 Adequately mask, or remove and replace after painting, all grease nipples, bright metal surfaces, identification plates and other items not to be painted.  Do not use solvent that may remove permanent lacquer finishes.

	3.4 Condition of Surfaces
	.1 Prior to starting Work, thoroughly examine all surfaces to be treated or coated.  Report, in writing, to the Contract Administrator any condition or defect that may affect the integrity or quality of the finished coating.  Do not start Work on any section until all such defects in that section have been corrected.
	.2 On all factory primed or coated equipment, touch up defects prior to the application of subsequent coatings.
	.3 Be responsible for the condition of surfaces and for correcting defects and deficiencies in the surface.

	3.5 Inspection
	.1 The Contract Administrator has the right to request tests, to witness the performance of tests, or to perform tests.
	.2 Such inspection does not relieve any responsibility for guarantee of the coating application from the applicator.

	3.6 Clean-Up
	.1 After acceptance of coating, remove all masking, grease, etc, from all equipment which was not intended to be coated.
	.2 Remove all unused material, containers, etc, from the Site upon completion of Work.
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	1. GENERAL
	1.1 Work Included
	.1 Supply and application of all factory applied prime coats or factory applied finish coats.

	1.2 Submissions
	.1 With the equipment Shop Drawings, submit details of the coating systems to be applied.

	1.3 Quality Assurance
	.1 This Specification is intended to be a minimum reference standard.  The Contractor may submit for review alternative coating systems for specific items of equipment which provide equal or better corrosion protection and maintenance service than those specified herein and in accordance with B6.


	2. PRODUCTS
	2.1 Surface Preparation
	.1 Immersion Service: after degreasing, dry blast all ferrous components to a white metal finish in accordance with SSPC-SP5 to a degree of cleanliness in accordance with NACE #1 and obtain a 50 micron blast profile.
	.2 Non-immersion Service: after degreasing, dry blast all ferrous components to a near white finish in accordance with SSPC-SP10 to a degree of cleanness in accordance with NACE #3 and obtain a 50 micron blast profile.

	2.2 Prime Coating
	.1 Prime coat all ferrous surfaces before the blasted surfaces deteriorate.
	.2 Coat ferrous surfaces with inorganic zinc primer, containing a minimum of 50 percent solids by volume, applied to a minimum dry film thickness of 75 microns.

	2.3 Finish Coats
	.1 Apply finish coats in conformance with Section 11900 for service, coating types and application rates.

	2.4 Assembly
	.1 For items which are to be bolted together before shipment, clean surfaces and coat before the parts are assembled.
	.2 Continuous weld all welded connections, sealing the mating surface completely.  On completion of the welding and fettling, treat all weld seams with phosphoric acid solution.  Rinse and thoroughly dry before the prime is applied.
	.3 Where dissimilar metals are mated insulate the mating surfaces from one another to provide protection against corrosion.  Insulate bolts, nuts, washers and rivets in a similar manner.
	.4 Use 304 stainless steel or better for all nuts, bolts, washers and similar fittings for immersion service.  For non-immersion service, use 304 stainless or zinc or cadmium plated nuts, bolts, washers, and similar fittings. Clean and coat the inner face of non-threaded bolt holes as required for other surfaces.


	3. EXECUTION
	3.1 Inspection
	.1 Notify the Contract Administrator two weeks before commencing the protective coating to permit the inspection by the Contract Administrator of the surface preparation and protective coating application.

	3.2 Protection
	.1 Protect all coated equipment adequately against damage, dust, moisture and scratching during shipment, off-loading, and storage on-Site.  If, in the opinion of the Contract Administrator, the coating is damaged during shipment to the extent that touch up would not be satisfactory, return and re-coat the equipment at the Contractor's cost.
	.2 Make good damage to coatings occurring at any time prior to the application of any further coatings.

	3.3 Application Conditions
	.1 Apply all factory applied coatings under controlled conditions, in a dust-free atmosphere at a temperature of between 10°C and 20°C, and a relative humidity should not exceed 80 percent.
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	1. GENERAL
	1.1 Work Included
	.1 Identification of equipment, motors, vessels, valves, ferrous, non-ferrous, and insulated piping.


	2. PRODUCTS
	2.1 Equipment Manufacturer's Nameplates
	.1 Provide metal nameplate on each piece of equipment, mechanically fastened with raised or recessed letters.
	.2 Provide Underwriters’ Laboratories or CSA registration plates, as required by respective agency.
	.3 Manufacturer’s nameplates to indicate size, equipment model, manufacturer’s name, serial number, voltage, cycle, phase, and power of motors.

	2.2 Equipment - Project Identification Nameplates
	.1 Supply and install white lamicoid identification plates, with black lettering, for all equipment installed under this Contract.  Provide identification plates that are engraved with the unit name and equipment number in 12 mm high lettering and electrical characteristics, if applicable, in 6 mm high lettering, as shown in the following example:
	ISOLATION SLUICE GATE
	SG-Z100
	575V/3PH/60HZ
	CIRCUITS A101, A102, A103
	.2 Submit list of plates for review prior to engraving.

	2.3 Valves
	.1 Provide all valves with a white lamicoid tag, with 12 mm black engraved names and numbers.
	.2 Number valves as directed by the Contract Administrator or as shown on the Drawings.
	.3 Attach tags to valves using fasteners.  Adhesive mounts are not acceptable.

	2.4 Piping
	.1 For all piping installed under this Contract, use pipe markers designating the pipe service and the direction of flow.
	.2 Use pre-printed pipe markers.  For pre-printed pipe markers, use self-adhesive, plastic coated cloth labels.  In addition to its adhesive, secure each label with a full tape band at each end of the label.
	.3 Make direction arrows 150 mm long by 50 mm wide for piping with an outer diameter 75 mm or larger, including insulation.  Use 100 mm long by 20 mm wide arrows for smaller diameter piping.  Provide double headed arrows where appropriate.
	.4 Use block capital letters for names, 50 mm high for piping with an outer diameter 75 mm or larger, including insulation.  Use 20 mm high letters for smaller diameters.  Identify the pipe commodity using the full names detailed on the Drawings.
	.5 Use stainless steel tags for pipes and tubing with an outer diameter 20 mm and smaller.

	2.5 Colour Coding
	.1 Use a colour coded identification system on the following items:
	.1 All piping and valves: paint or band the piping with the colours agreed prior to the Work, paint the valves in the colour of the system, other than valves on fire protection systems.  Paint the valves on fire protection systems red.
	.2 All pumps: paint pumps in the colour identifying the material being pumped
	.3 All motors: paint all motors grey

	.2 Identification shall consist of the following:
	.1 Coating or banding of pipes and coating of valves to the colour of the medium being conveyed.
	.2 Coat non-submerged process equipment to match the colour requirement of the material being processed.
	.3 Finish valve handles and similar appurtenances in black.

	.3 Select identification colours in accordance with the colour scheme as outlined in the following table:


	3. EXECUTION
	3.1 Equipment Manufacturer’s Nameplates
	.1 Locate nameplates so that they are easily read.  Do not insulate or paint over plates.

	3.2 Equipment Project Identification Nameplates
	.1 Attach plates to the equipment with rivets, sheet metal screws, or nuts and bolts (adhesive will not be accepted).
	.2 Fasten plates in conspicuous locations.  Where plates cannot be mounted on hot or cold surfaces, provide standoffs.

	3.3 Valves
	.1 Attach tags to all valves with sheet metal screws or nuts and bolts.  Ensure tags are easily accessible from operator location and do not conflict with valve operation.

	3.4 Piping
	.1 On completion of protective coatings or finish painting, neatly stencil direction flow arrows and the commodity abbreviation on the pipe.  Alternatively, attach pre-printed labels.
	.2 Stencil or attach pipe markers in readily visible locations.  Identify piping at the following locations:
	.1 At each valve
	.2 On both sides of wall penetrations
	.3 At floor and roof penetrations
	.4 On each leg of branches
	.5 Every 15 m along continuous runs
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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 Equipment: Division 11
	.3 Instrumentation and Controls: Division 17

	1.3 Drawings and Specifications
	.1 The General Conditions, Supplementary Conditions and Division 1 are a part of this Specification and shall apply to this Division.
	.2 The intent of the Drawings and Specifications is to include all labour, products and services necessary for complete Work, tested and ready for operation.
	.3 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.
	.4 These Specifications and the Drawings and Specifications of all other Divisions shall be considered as an integral part of the accompanying Drawings.  Any item or subject omitted from either the Specifications or the Drawings but which is mentioned or reasonably specified in and by the others, shall be considered as properly and sufficiently specified and shall be provided.
	.5 Provide all minor items and Work not shown or specified but which are reasonably necessary to complete the Work.
	.6 If discrepancies or omissions in the Drawings or Specifications are found, or if the intent or meaning is not clear, advise the Contract Administrator for clarification before submitting Bid in accordance with B5 Enquiries.
	.7 Responsibility to determine which Division provides various products and Work rests with the Contractor.  Additional compensation will not be considered because of differences in interpretation of Specifications.

	1.4 Quality Assurances
	.1 Codes, Rules, Permits and Fees
	.1 Comply with all laws, ordinances, rules, regulations, codes and orders of all authorities having jurisdiction relating to this Work.
	.2 Comply with all rules of the Canadian Electrical Code, CSA Standard C22.1 and the applicable building codes.
	.3 Quality of Work specified and/or shown on the Drawings shall not be reduced by the foregoing requirements.
	.4 Immediately after award of Contract and prior to installation, verify location, arrangement and point of attachment for service and service entrance equipment with supply authority and inspection departments.  Failure to do so will render this Division responsible for any corrections necessary without additional compensation.
	.5 Give all required notices, submit Drawings, obtain all permits, licenses and certificates and pay all fees required for this Work.
	.6 Furnish a Certificate of Final Inspection and approvals from inspection authority to the Contract Administrator.

	.2 Standard of Workmanship:
	.1 Execute all Work in a competent manner and to present an acceptable appearance when completed.
	.2 Employ a competent supervisor and a sufficient number of licensed tradesmen to complete the Work in the required time.
	.3 Arrange and install products to fit properly into designated building spaces.
	.4 Unless otherwise specified or shown, install products in accordance with recommendations and ratings of manufacturers.


	1.5 Submittals
	.1 Within 30 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 required construction schedule.
	.2 Submit samples as required where specified in Division 16.
	.3 Prior to delivery of any products to Site 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 Shop Drawings shall 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.
	.6 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.
	.7 Manufacture of products shall conform to revised Shop Drawings.
	.8 Keep one (1) complete set of Shop Drawings at jobsite during construction.

	1.6 As-Constructed Drawings
	.1 The Contractor shall keep one (1) complete set of white prints at the Site office, including all addenda, change orders, field instructions, clarifications, and revisions for the purpose of As Constructed Drawings.  As the Work on-site proceeds, the Contractor shall clearly record in red pencil all As-Constructed conditions which deviate from the original Contract Documents.  As-Constructed Drawings to include circuiting of all devices, conduit and feeder runs (complete with conductor size and number), and locations of all electrical equipment.
	.2 Prior to Substantial Performance, the Contractor shall obtain CAD files of all electrical Drawings, using the latest AutoCAD release, and use the services of a competent CAD operator to transfer all As-Constructed information, including:  addenda, change orders, clarifications, revisions, Site instructions and Shop Drawings.  Upon completion, the Contractor shall certify, in writing, that the As-Constructed Drawings are complete and that they accurately indicate all electrical services, including exposed as well as concealed items.
	.3 On completion of the Work, two weeks prior to the final inspection, submit As-Constructed Drawings to the Contract Administrator for review.
	.4 Within one month after return of the As-Constructed Drawing by the Contract Administrator, obtain and pay for a complete set of original reproductive sepias.  Transfer all changes from the As-Constructed Drawings to electronic drawings (AutoCAD) and certify accuracy.  Deliver Electronic Drawings to the Contract Administrator. 

	1.7 Operation and Maintenance Manuals
	.1 All maintenance data shall be submitted in an electronic format in accordance with the requirements of Division 1.
	.2 Each section of the manual shall contain the following information:
	.1 Systems Descriptions.  A brief synopsis of each system typed and inserted at the beginning of each section.  Include sketches and diagrams where appropriate.
	.2 Descriptive and technical data.
	.3 Maintenance and operating instructions for all electrical 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 operation and maintenance of his installation.)
	.4 Lubricating and servicing intervals recommended.
	.5 A copy of all wiring diagrams complete with wire coding.
	.6 List of spare parts of all electrical equipment complete with names and addresses of sales, service representatives and suppliers.
	.7 Copy of test data
	.8 Include type and accuracy of instruments used to obtain test data.
	.9 Copy of final inspection certificate.
	.10 Copy of the purchase order, showing equipment make and model numbers issued to the manufacturer complete with all addenda.  All cost details may be hidden.
	.11 Copy of all warranty certificates.
	.12 Set of final reviewed Shop Drawings.
	.13 Names, addresses, phone numbers, and facsimile numbers of Contractor, Consultants, sub-contractors, and suppliers used on the Work together with a specification reference of the portion of the Work they undertook.


	1.8 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.

	1.9 Guarantee
	.1 Furnish a written guarantee to the City prior to final Contract payment, which will be in effect for one year from the date of final acceptance of the complete Work.  Replace or repair at no cost to the City any defective material or workmanship except where, in the opinion of the Contract Administrator, such defects are due to the misuse or neglect by the City.
	.2 This general guarantee shall not act as a waiver of any specified or special equipment guarantees which cover a greater length of time.


	2. PRODUCTS
	2.1 Selected Products and Equivalents
	.1 Products and materials provided shall be new and free from all defects.  Defective products or materials will be rejected, regardless of previous inspections.  The Contractor shall be responsible to remove and replace defective products at their expense, and shall be responsible for any resulting delays and associated expenses which result from defective products being rejected.  Related materials shall be of the same manufacturer throughout the Work.
	.2 Products and materials referred to in the Specifications by trade names, manufacturer’s name and catalogue reference are those which shall be used as the basis for the Bid.
	.3 The design has been based on the use of the specified product.

	2.2 Quality of Products
	.1 All products provided shall be CSA Approved, ULC 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.

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

	2.4 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 on-site.
	.3 Touch up all damaged painted finishes with matching lacquer, or, if required by the Contract Administrator, completely repaint damaged surface.

	2.5 Use of Products During Construction
	.1 Any equipment used for temporary or construction purposes shall be approved by the Contract Administrator and in accordance with the General Conditions, “Use of Premises.”  Clean and restore to “as new” condition all equipment prior to the time of Total Performance.
	.2 The warranty period shall not begin until the date of Total Performance of the Work.

	2.6 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 effect 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 Substantial Completion 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 24 hours of receipt of notice of the breach, be repaired or replaced at the Contractors sole cost and expense, including parts, labour, transportation and insurance, so as to correct any failure to meet the Warranty.


	3. EXECUTION
	3.1 Site Examination
	.1 Examine the Site of Work and become familiar with all features and characteristics affecting this Work before submitting Bid.
	.2 No additional compensation will be given for extra Work due to existing conditions which such examination should have disclosed.
	.3 Report to the Contract Administrator any unsatisfactory conditions which may adversely affect the proper completion of this 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 structural Drawings.
	.2 Outlet and equipment locations shown on the drawings are approximate.  Locations may be revised up to 3000 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 shall not be used for the support of wiring

	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:
	.1 Distribution Centres (Indicate designation, bus capacity, voltage)
	.2 MCC (Designation, voltage)
	.3 Starters, contactors, Disconnects (Designation, voltage, load controlled)
	.4 Panelboard (Designation, voltage, Bus Capacity)
	.5 Terminal cabinets and pull boxes (system, voltage)
	.6 Transformers (designation, capacity, primary and secondary voltage)

	.2 Nameplate sizes
	.1 Size 1: 10 x 50 mm, one line, 3 mm high letters
	.2 Size 2: 12 x 70 mm, one line, 5 mm high letters
	.3 Size 3: 12 x 70 mm, two lines, 3 mm high letters
	.4 Size 4: 20 x 90 mm, one line, 8 mm high letters
	.5 Size 5: 20 x 90 mm, two lines, 5 mm high letters
	.6 Size 6: 25 x 100 mm, one line, 12 mm high letters
	.7 Size 7: 25 x 100 mm, two lines, 6 mm high letters

	.3 Color 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 metre intervals.  Color coding to be as follows:
	.4 Provide neatly typed circuit directories in panelboards to indicate the area or equipment controlled by each branch circuit.
	.5 All conductors shall be identifiable by coloured insulation and permanent markers at every terminal and accessible points throughout its entire run.
	.1 Conductors:
	.1 Equipment Grounding – Green
	.2 Neutral Conductor – White

	.2 120/208 System
	.1 Phase A:  Red
	.2 Phase B:  Black
	.3 Phase C:  Blue



	3.5 Wiring to Equipment Supplied by Other Divisions
	.1 Make all required electrical connections to the equipment supplied by other Divisions.

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

	3.7 Instructions to City 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 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 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 shall be sealed.

	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 but for floors they shall extend 100 mm 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 and floors.
	.5 Failure to comply with the above requirements shall be remedied at the Contractor’s expense.

	3.11 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.

	3.12 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.
	.2 Measure phase voltages at loads and adjust transformer taps to within 2% of rated voltage of equipment.
	.3 Submit, at completion of Work, report listing phase and neutral currents on panelboards, dry-core transformers, and motor control centres, operating under normal load.  State hour and date on 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 in accordance with the latest edition of the Canadian Electrical Code.
	1.2 Related Work
	.1 The administrative section under Parts A, B, C and Division 1 shall be part of these Specifications.

	1.3 General Requirements
	.1 General clean-up.
	.2 All inspections and obtaining all permits and licenses required by various inspection agencies and local regulations related to electrical trade.
	.3 Scaffolding.
	.4 Shop Drawings.
	.5 As-Constructed Drawings where specified.
	.6 Operation and maintenance data, where specified.

	1.4 Specific Requirements Including But Not Limited to Scope of Work
	.1 Supply and install 120V breakers, as required for new equipment in the Grit Building, in existing Panel 5G located in the Grit Building Electrical Room.
	.2 Supply and install wiring (Teck Cable) from existing Panel 5G to equipment as indicated on the drawings and hereafter specified.
	.3 Supply and install hazardous electrical equipment suitable for Class 1, Group D, and Division 1 areas as required and indicated on the Drawings.
	.4 Supply and install standard electrical equipment for devices located with the lower level of the Blower Room.

	1.5 Work Excluded
	.1 Temporary power
	.2 Temporary light
	.3 Hoisting
	.4 Barriers
	.5 Special testing or inspection not specified or covered by Cash Allowance

	1.6 Other Work Excluded
	.1 Control wiring associated with equipment (not necessarily mechanical equipment) not included in the Electrical Specifications, (buried conduit for such wiring shall be included).
	.2 Special starters, including multi-speed switches, which are associated with packaged units not detailed in the Electrical Specifications.
	.3 On-site painting, except touch-up of electrical equipment.

	1.7 Units of Measure
	.1 The Contract Documents have been prepared using the modified International System (SI) units of metric measurement.  Whenever appropriate, available metric products shall be used unless otherwise specified herein.
	.2 Only metres (m) and millimetres (mm) are used.  Generally, metres are used for measurements of 10 m or more, and millimetres for measurements below 10 m.
	.3 All measurements on Drawings are in millimetres unless otherwise indicated.

	1.8 Conversions
	.1 The following three conversion methods were used in product and location dimensions:
	.1 Hard Conversion: industry available products which are manufactured in metric measurements.
	.2 Soft Conversion: products which are still manufactured in Imperial units and are converted in specifications using arithmetic conversion factors.
	.3 Rationalized Conversion: dimensions which are soft converted and rounded off for ease of measurements.

	.2 In cases where measurements may be open for interpretation, dual dimensions have been incorporated until hard conversions can be used exclusively.

	1.9 Definition
	.1 All terminologies, abbreviations and acronyms used in this document are as listed in the various Standards, Codes, Rules and Bulletins used herein.

	1.10 Reference
	.1 Imperative tense has been used throughout this Document for Work intended for the successful Contractor.  There shall be no Work exclusions unless they have been clearly identified as such herein.
	.2 The word "provide" shall mean "supply and install" unless otherwise indicated.

	1.11 Codes
	.1 All Codes, Standards, Rules, Regulations, Bulletins, By-laws etc., shall be those that are currently enforced in the locality of jobsite, unless otherwise specified herein.


	2. PRODUCTS
	.1 Not used

	3. EXECUTION
	.1 Not used
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	1. GENERAL
	1.1 Work Included
	.1 Provide a complete system of conduit and fittings for installation of wiring.


	2. PRODUCTS
	2.1 Rigid Aluminum Conduit
	.1 Aluminum with threaded joints and connections.
	.2 All Connectors to be aluminum
	.3 Fittings: cast aluminum "Condulet" as manufactured by Crouse Hinds Canada Ltd. including gasketted covers in damp locations.
	.4 Expansion joints: cast aluminum Crouse-Hinds or approved alternate in accordance with B6.

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


	3. EXECUTION
	3.1 Rigid Aluminum 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 1000 m.
	.3 In areas where Teck cable is not used.


	3.2 Liquid Tight Flexible Conduit
	.1 Use as raceways for 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.

	3.3 Workmanship
	.1 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.
	.2 Lay out conduit to avoid interference with other Work.  Maintain a minimum clearance of 150 mm from steam or hot water piping, vents, etc.
	.3 Where 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 conform with the Canadian Electrical Code.
	.4 For all runs of conduits, do not include more than equivalent of 4 quarter bends.  Provide conduit fittings, pullboxes and junction boxes where necessary.  Pulling elbows shall not be used except by special permission. 
	.5 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.
	.6 Take extreme care in reaming ends of all conduit to ensure a smooth interior finish that will not damage the insulation of the wires.
	.7 Use insulated non-metallic bushings on all conduit terminations.
	.8 Ensure electrical continuity in all conduit systems.
	.9 All conduits shown exposed in finished areas is to be free of unnecessary labels and trade marks.
	.10 Install a 90 lb. test line in all conduits left empty by this contractor including those which others will pull cables, wires, etc.
	.11 Conduits and ducts crossing building expansion joints shall have conduit expansion fittings to suit the type of conduit used, and shall be Crouse-Hinds, Sceptre, or approved fitting.
	.12 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 in accordance with B6.
	.13 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.
	.14 Where Drawings show conduit designations, these conduits shall be identified at each point of termination with Thomas & Betts "Ty-Rap" No. TY532M labels.
	.15 Where conduit finish is damaged, repair or replace.
	.16 Use "Condulet" fittings for power and telephone type conduit terminations in lieu of boxes where support is not provided.
	.17 All branch circuit wiring, home-runs, communication and data to be minimum 20 mm diameter unless otherwise stated.
	.18 Provide necessary flashing and pitch pockets, making watertight joints where conduits pass through roof or watertight membranes.
	.19 Where panelboard branch circuit conduits are amalgamated, size shall not exceed 25 mm diameter.
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	1. GENERAL
	1.1 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.
	.5 347 V outlet boxes for 347 V switching devices.
	.6 Combination boxes with barriers where outlets for more than one system are grouped.

	2.2 Outlet Boxes for Aluminum Conduit
	.1 Materials:
	.1 Surface or recessed concealed type:  Formed aluminum.
	.2 Surface mounting exposed:  Cast aluminum for threaded conduit, with attached lugs, corrosion resistant two coats finish.


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

	2.4 Fittings - General
	.1 Bushing and connectors with nylon insulated throats.
	.2 Knock-out fillers to prevent entry of debris.
	.3 Conduit outlet bodies for conduit up to 32 mm and pull boxes for larger conduits.
	.4 Double locknuts and insulated bushings on sheet metal boxes.


	3. EXECUTION
	3.1 Installation
	.1 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, mineral insulated and armoured cable connections.  Reducing washers are not allowed.
	.4 Do not use sectional boxes.
	.5 Provide boxes sized as required by the Canadian Electrical Code.
	.6 Install vapour barrier material to surround and seal all outlet boxes located on exterior walls of building.  Maintain wall insulation.
	.7 Primary bushings in termination box for cable connection.
	.8 Secondary bushings in termination box for bus duct connection.
	.9 Control junction box.
	.10 Stainless steel nameplate and connection diagram.
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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 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. 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.

	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 inch 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 Apply coat of zinc joint compound on aluminum conductors prior to installation of connectors.
	.2 Install mechanical pressure type connectors and tighten screws with appropriate compression tool recommended by manufacturer.  Installation shall meet secureness tests in accordance with CSA C22.2 No. 65.
	.3 Install fixture type connectors and tighten.  Replace insulating cap.


	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 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 Extend existing grounding system.  Securely and adequately ground all new components of the electrical system in accordance with the requirements of all related sections in the latest edition of the Canadian Electrical Code, C22.1-06.
	.2 The system to consist of cables, supports, and all necessary materials and inter-connections to provide a complete system.  Measured resistance to ground of the network shall not exceed 5 ohms.
	.3 All ground conductors shall be run in conduit.


	2. PRODUCTS
	.1 Extend exiting ground cables to new equipment.  Ground cable to match existing cable
	.2 All ground wires to be stranded copper TWH complete with a green jacket unless otherwise shown.


	3. EXECUTION
	3.1 Grounding - General
	.1 All frames and metallic enclosures of all electrical equipment and electrically operated equipment shall be grounded through the conduit system or via a ground wire.
	.2 All bolted connections must be accessible.
	.3 All motors shall be grounded by means of an adequately sized green ground wire contained within the feeder conduit.
	.4 Include a separate green ground wire in all power conduits including branch circuit wiring sized to Table 16, Canadian Electrical Code.
	.5 Expansion joints and telescoping sections of raceways shall be bonded using jumper cables as per Canadian Electrical Code.
	.6 Use Burndy compression connectors or approved equal for all grounding splices and terminations unless otherwise shown on the Drawings.  For bolted ground connections use Burndy Engineering Company's "Durium" or approved equal hardware in accordance with B6.
	.7 Ground all utility services to the electrical system ground.
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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.

	1.2 Related Work
	.1 Material and Equipment - Fastenings and Supports: Section 16191


	2. PRODUCT
	2.1 Framing and Support System
	.1 Materials:
	.1 Intermediate duty supporting structures shall employ P1000 Unistrut or equal together with the manufactures connecting components and fasteners for a complete system.
	.2 Heavy duty supporting structures to be fabricated and welded from steel structural members and prime painted before installation.

	.2 Finishes:
	.1 Wet locations: Aluminum.
	.2 Indoors, dry locations: Aluminum.
	.3 Nuts, bolts, machine screws: Cadmium plated.

	.3 Unistrut:
	.1 Section P1000 or as required for load and span, with mounting screws, or approved equal in accordance with B6.  P1000 or equal in accordance with B6 is a minimum standard for supporting conduits 50 mm and larger.


	2.2 Concrete and Masonry Anchors
	.1 Materials: hardened steel inserts, zinc plated for corrosion resistance.
	.2 Components: non-drilling anchors for use in predrilled holes, sized to safely support the applied load with a minimum safety factor of four.
	.3 Manufacturer: Hilti (Canada) Limited or approved equal in accordance with B6.

	2.3 Conduit Supports
	.1 General: malleable iron one-hole conduit straps where exposed to weather or damp locations.
	.2 Structural Steel: Crouse-Hinds “Wedgetite” supports or equivalent manufactured by Appleton.
	.3 Masonry, concrete, stone, etc.: Anchors.
	.4 Title: Toggle bolts.
	.5 Unistrut: Unistrut conduit clamps.

	2.4 Cable Supports and Clamps
	.1 General: as per conduit supports, except that for single conductor cables, suitable non ferrous, or approved stainless steel or aluminum clamps shall be used.


	3. EXECUTION
	3.1 General
	.1 Do not cut or drill beams, joists or structural steel unless written permission of the Consultants 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 1000 mm span and 8 mm over a 2000 mm 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 percent 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 poured concrete with expandable inserts.
	.2 Support equipment, conduit or cables using clips, spring loaded bolts, cable clamps designed as accessories to basic channel members.
	.3 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.

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

	.5 Shot driven pins may only be used with written approval of the Contract Administrator.
	.6 Use round or pan head screws for fastening straps, boxes, etc.
	.7 Do not support heavy loads from the bottom chord of open web steel joists.
	.8 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.
	.9 For surface mounting of two or more conduits use channels at 1.5 m oc spacing.
	.10 Provide metal brackets, frames, hangers, clamps and related types of support structures where indicated or as required to support conduit and cable runs.
	.11 Ensure adequate support for raceways and cables dropped vertically to equipment where there is no wall support.
	.12 Do not use wire lashing or perforated strap to support or secure raceways or cables.
	.13 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 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
	.1 Bolt-On Moulded Case Circuit Breaker:  Quick-make, quick-break type, for manual and automatic operation (with temperature compensation for 40°C ambient).
	.2 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.

	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


	3. EXECUTION
	3.1 Installation
	.1 Install circuit breakers as indicated in existing panel.
	.2 Identification:  Provide added breakers name in existing panel legend.
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	1. GENERAL
	1.1 Related Work
	.1 Testing, Adjusting and Balancing of Electrical Equipment and Systems: Section 16980
	.2 Electrical Equipment and Systems Demonstration and Instruction: Section 16990

	1.2 Coordination
	.1 Coordinate 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 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
	.1  Not used

	3. EXECUTION
	3.1 Starting Motors
	.1 Prior to starting motors:
	.1 Verify phase rotation at motor control centres.
	.2 Confirm motor nameplate data with motor starter heater overloads.


	3.2 Energizing Equipment
	.1 Prior to energizing equipment provided under other Sections and equipment provided by the City.
	.2 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 Owner, who shall also sign the test documentation.
	.5 Submit procedures proposed in writing for approval two weeks prior to test.

	1.2 Related Work
	.1 Electrical General Requirements:  Section 16010
	.2 Starting of Electrical Systems and Equipment:  Section 16960

	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 approximately qualified manufacturer's representatives where Site testing, adjusting, or balancing of electrical equipment or systems' performed by manufacturer's representatives is:
	.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. 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 volt 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.
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	1. GENERAL
	1.1 Intent
	.1 Provide demonstration and instruction sessions to familiarize City’s operation and maintenance personnel with electrical systems and their operation and maintenance.
	.2 Submit system sign off sheets for each system listed prior to Substantial Completion.
	.3 All sign off and survey sheets shall be typewritten.

	1.2 Manufacturer's Site Services
	.1 Arrange and pay for appropriately qualified manufacturer’s representatives to provide or assist in providing electrical equipment and system demonstration and instruction as specified herein.

	1.3 Coordination
	.1 The Contract Administrator will chair demonstration and instruction sessions.
	.2 Establish agenda for demonstration and instruction sessions in conjunction with Contract Administrator.  Coordinate scheduling of sessions with Contract Administrator.


	2. PRODUCTS
	.1 Not used

	3. EXECUTION
	3.1 Systems Demonstration
	.1 Demonstrate operation of following systems:
	.1 Grounding system
	.2 Instrument control equipment
	.3 Motorized valve actuators
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	1. GENERAL
	1.1 Requirements of Work
	.1 Supply, install, commission, provide Warranty and fully document a complete I&C system as shown on the Drawings and as specified herein.  The I&C system contains vendor component subsystems 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
	.5 Instrumentation cabling
	.6 Instrumentation power supplies
	.7 Conduit and cable tray
	.8 System marshalling panel with Uninterruptible Power Supply

	.3 The Contractor’s responsibility also includes receiving, uncrating, examining for shortages or damage, assembling, field fitting, installing, mounting, wiring and testing of vendor supplied component subsystems.
	.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 control functions.  Provide end-to-end Commissioning of all required remote monitoring and/or control functions.  Ensure the correct functionality of any equipment supplied under other Divisions of this Specification.
	.5 Documentation referred to in 1.1.1 to include as a minimum:
	.1 Equipment descriptive data
	.2 Equipment installation, service manuals, O&M Manuals and recommended spare parts lists
	.3 Schematics and interconnecting wiring diagrams
	.4 Records of conductor identification, field terminals, changes, etc.
	.5 Instrumentation and control panel Shop Drawings, face layouts, schematics and point to-point wiring diagrams
	.6 Records of as-built information for the complete instrumentation system.

	.6 Documentation provided is formatted as follows:
	.1 Process and Instrumentation Diagrams (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 – an 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 – an 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 ILD – show typical interconnections and hook-up of devices.  The Contractor is to reproduce an ILD for each device and record all relevant as-built 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) CAD Drawings and associated files will be made available to the successful Tenderer.  Where an ILD is not shown for wiring of simple devices provide a legible sketch for as-built information.
	.6 Location Drawings – indicate in plan and 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 Definitions
	.1 Interpret specialized terms not explicitly defined herein in accordance with The ISA S51.1, NEMA ICS 1, ANSI/IEEE Std 100, and The Communications Standard Dictionary, by Martin H. Weik.

	.8 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.

	.9  Related Work
	.1 Process: Division 11
	.2 Electrical: Division 16

	.10 Qualifications
	.1 The Contractor 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 years.
	.2 Submit, in accordance with B10.1, a list of similar projects recently completed and resumes of the personnel proposed for the project.  Resumes shall include evidence of journeyman status and CET registration.
	.3 The instrumentation Subcontractor must be experienced in the process and instrument requirements of this Contract.
	.4 The Contractor must show that it maintains a fully equipped and qualified organization, capable of performing the present Work and of providing Warranty service to the system after installation.
	.5 Perform all instrument hook-ups, calibrations and checkouts with qualified journeyman instrument mechanics that are licensed and have CET registration.  Instrument mechanics must be familiar with the devices being installed.
	.6 Perform all control wiring installation and connections with qualified journeyman electricians.

	.11 Codes, Rules, Permits and Fees
	.1 Comply with all laws, ordinances, rules, regulations, codes and orders of all authorities having jurisdiction relating to this Work.
	.2 Comply with all rules of the Electrical Safety Act of the Province, CSA Standards, ULC and the applicable building codes, whether specifically shown on Drawings or not.
	.3 Give all required notices, submit drawings, obtain all permits, licenses and certificates and pay all fees required for this Work.
	.4 Furnish a certificate of final inspection and approvals from an inspection authority to the Contract Administrator.

	.12 Standards of Workmanship
	.1 Execute all Work in a manner which will result in the completed installation presenting an acceptable appearance, to a level of quality defined in the General Conditions of this Specification.
	.2 Employ a competent supervisor and all necessary licensed tradesmen to complete the Work in the required time.
	.3 Arrange and install products to fit properly into designated building spaces.

	.13 Install Products in accordance with the recommendations and ratings of the product manufacturers, unless otherwise specified or shown. 
	.1 Supply and execute installation of all instrumentation control tubing in accordance with Division 17.

	.14 Contract Drawings and Specifications
	.1 Refer to Division 1.
	.2 Supply and install all items and accessories specified by the Drawings or the Specification in the quality and quantity required.  Perform all operations as designated by the Specification according to the methods prescribed, complete with all necessary labour and incidentals.
	.3 Treat any item or subject omitted from this Division's Specifications or Drawings, but which is mentioned or reasonably specified in other Divisions' Specifications or Drawings and pertains to the instrumentation and control system, as being integral to the overall system.  Provide such specified items or subjects.
	.4 Provide all minor items and Work not shown or specified but which are reasonably necessary to complete the Work.
	.5 If discrepancies or omissions in the Drawings or Specifications are found, or if intent or meaning is not clear, consult the Contract Administrator for clarification before submitting Bid.
	.6 The responsibility to determine which Division provides various products and Work rests with the Contractor.  Additional compensation will not be considered because of differences in interpretation of Specifications.


	1.2 Equipment
	.1 Submittals
	.1 After Award of Contract, submit an equipment list indicating the type and make of all equipment and materials proposed for theWork.

	.2 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 percent.

	.3 Perform a preliminary examination upon delivery to ensure that:
	.1 All instrumentation and control components supplied for this project under this Section of the Specification comply with the requirements stated in the instrument specification sheets.
	.2 All instrumentation and control components supplied under other Sections of this Specification, to be connected to instrumentation and control components supplied under this Section of the Specification, comply with the requirements stated in the Contract Documents.
	.3 Itemize all non-conformities noted above and forward them to the Contract Administrator.  Any construction delays or extra costs resulting from delivery to the Site of non-conforming components are the responsibility of 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.
	.6 Return all damaged equipment to the factory for total corrective repairs.  If deemed necessary by the Contract Administrator, the damaged equipment shall be replaced with new Product.  The Contractor shall bear any costs due to construction delays resulting from the delay in delivery of acceptable equipment.


	1.3 Site
	.1 Classification of Plant Areas
	.1 Refer to Division 16


	1.4 Documentation
	.1 Submissions
	.1 Submit a schedule within 30 days of award of Contract to the Contract Administrator showing projected ordering and delivery dates of all products to meet the required construction schedule.  Provide all necessary information regarding ordering and delivery dates for whose delivery affects the construction schedule.
	.2 Submit Shop Drawings for all products supplied under this Division.  Submit Shop Drawings for review prior to delivery of any products or equipment to Site and sufficiently in advance to allow ample time for checking.
	.3 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, if indicated on the Drawing, 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 that, 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.

	.4 Stamp and sign the Shop Drawing to show approval, indicating compliance with the above-listed conditions.  If Contractor revisions are too extensive, return the submission to the supplier for revision, then repeat the Shop Drawing approval process before submitting them to the Contract Administrator. 
	.5 Manufacture of products shall conform to Shop Drawings marked as reviewed by the Contract Administrator and returned to the Contractor.
	.6 Keep one (1) complete, maintained set of Shop Drawings at the jobsite during the construction period, record Site modifications.
	.7 Refer to Division 1 for further Shop Drawing requirements.

	.2 Operations and Maintenance Manuals
	.1 Refer to Division 1 for general O&M Manual submittal requirements.
	.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.
	.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 Maintenance and operating instructions for 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 operations and maintenance of his installation.
	.4 A copy of all wiring diagrams complete with wire coding.
	.5 Set of final reviewed Shop Drawings.


	.3 Record Drawings
	.1 Maintain on-site a complete set of as-built Drawings as listed in Division 1 of this Specification.
	.2 In addition to the requirements as stated in Division 1, record on the Drawings the following information:
	.1 Mark all change orders, alterations or additions
	.2 Show all instrumentation cable and control tubing
	.3 Show 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 final completion certificate make any necessary final corrections to the 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 and Equivalent
	.1 Provide products and materials that are new and free from all defects.
	.2 Products and materials called for on the Drawings or in the Specifications by trade names, manufacturer's name and catalogue reference are those, which are to be used as the basis for the Bid.
	.3 The design has been based on the use of the first-named product, where applicable equivalent products are listed.
	.4 Provide the products specified unless a proposal for an alternative or substitute product has been accepted by the Contract Administrator.

	.3 Alternate Products 
	.1 Refer to B6: Substitutes for consideration of alternate products.
	.2 Alternate products and materials to those specified will only be considered by the Contract Administrator if they are shown in the Bid as a material variation, and if they are submitted with an appropriate price adjustment.  The Contract Administrator will reserve the right to accept or reject any alternative without explanation.
	.3 The alternate submission shall provide sufficient information to enable the Contract Administrator to determine whether the alternate is acceptable or unacceptable.
	.4 Provide complete information on required revisions to other Work and products to accommodate each alternate product.
	.5 The Contractor assumes full responsibility when providing alternate products or materials that all space, weight, connections, power and wiring requirements etc. are considered and compensated for.  Any costs incurred for additional components, changes to other services, structural or space requirements, layouts and plans, etc. that may arise from the use of the alternate to be borne by the Contractor.
	.6 Materials or equipment rejected by the Contract Administrator to be immediately removed from the Site.

	.4 Review of Products
	.1 Immediately after notification of award of Contract, review with the Contract Administrator the list of products to be provided by this Division
	.2 After agreement on product list has been reached, no subsequent changes will be permitted except as specified hereafter.

	.5 Substitution of Products After Contract Award
	.1 After acceptance of the list of products, no substitution of any item will be permitted unless the approved item cannot be delivered in time to comply with the Work schedule.
	.2 To receive acceptance, proposed substitute products are to equal or exceed the quality, finish and performance of those specified or shown, and not to exceed the physical space requirements allotted, as shown on the Drawings.
	.3 Provide to the Contract Administrator documentary proof of equality, difference in price (if any) and delivery dates, in the form of certified quotations from suppliers of both specified items and proposed substitutions.
	.4 Include costs for any required revisions to other structures and products to accommodate such substitutions.

	.6 Quality of Products 
	.1 All products provided to be CSA Approved, and ULC approved where applicable.
	.2 If products specified are not CSA approved, obtain approval of the relevant provincial regulatory authority.  Pay all applicable charges levied and make all modifications required for approval.
	.3 Refer to Division 1 of this Specification for further information.

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

	.8 Product Finishes
	.1 Products to be manufacturers’ standard finish.  Where special finishes are specified refer to Division 9 and Division 11 for details on quality and workmanship of the finishes.

	.9 Use of Products During Construction
	.1 Any equipment used for temporary or construction purposes to be approved by the Contract Administrator and in accordance with Division 1 of this Specification.  Clean and restore to "as new" condition all equipment prior to the time of substantial completion.
	.2 The warranty period does not begin until the date of Substantial Completion of the Work.


	2.2 Instrumentation
	.1 General
	.1 Instruments 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 protectors, 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 lamicoid nameplates with 5 mm white lettering on black 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 lamicoid 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 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 Site Examination
	.1 Refer to the requirements of Division 1.
	.2 No additional compensation will be given for extra Work due to existing conditions that a Site examination prior to Bid should have disclosed.

	3.2 Coordination With Other Divisions
	.1 Examine the Drawings and Specifications of all Divisions and become fully familiar 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 other Division's 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.

	3.3 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 or installed Work shall be repaired or replaced by the Contractor at no additional cost to the City, and to the approval of the Contract Administrator.
	.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 Section of the Contract from all surfaces.

	3.4 Separation of Services
	.1 Maintain separation between the electrical wiring system, building 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 are not to be used for the support of wiring.

	3.5 Wire and Cable
	.1 Refer to Section 17124.

	3.6 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 suppliers of the equipment and make any corrections to the control wiring diagrams that may be required.
	.3 Provide power disconnect terminals in the marshalling panels for all devices or PLC/DCS input/outputs sourced from the panel.
	.4 Provide local power disconnect switches for all 120 VAC power instruments, mounted adjacent to the instrument.
	.5 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 WP junction box within approximately 3 m of cable from the transponder.

	3.7 Wiring to Equipment Supplied By Others
	.1 Equipment supplied by the City or by other Divisions that have external or field-mounted control devices are to be installed, wired, and commissioned by this Division.

	3.8 Access Panels
	.1 Provide access panels where instrumentation and control 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.  The type and size of panels are to be coordinated with the Contract Administrator.
	.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.

	3.9 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 Provide additional corrosion inhibiting coatings on mounting stands in areas where aggressive chemicals are handled or stored.
	.3 Supply and install protective drip shields for any exterior stand-mounted instrumentation equipment.  Drip shields are to extend 50 mm past the front and side faces of the equipment.  Drip shields are to be fabricated from aluminum.

	3.10 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 shall not contain any compounds that could 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. 

	3.11 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 walls, 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.  Caulked 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.

	3.12 Connections to Mechanical, Electrical and Existing Systems
	.1 Refer to Division 16 for the required tie-in procedures.

	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 Test all tubing for leaks in compliance with ISA RP7.1.  Isolate all instruments when tubing is being tested to protect against over pressure. 
	.4 Perform tests and record results on test data forms, which are included in this Section.  Develop additional or more detailed test forms as necessary to suit more complex instrumentation.
	.5 Sign and date all test reports.  Submit the test reports to the Contract Administrator within five working days of testing.
	.6 Coordinate and cooperate with City staff and the equipment suppliers to test control system I/O points during loop testing.

	3.14 Calibration
	.1 Instruments to be factory pre-calibrated and the calibration verified in-place after installation.  Provide a printed record of all factory calibrations including printouts of configuration 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 parameters, configuration, serial numbers, and assigned tag number.
	.3 Instrumentation is 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 percent of full range, or to the manufacturer's stated accuracy of the instrument whenever an accuracy of 0.5 percent is not achievable.
	.5 Prior to instrument installation perform the following applicable calibration for each instrument and its associated signal conditioning equipment:
	.1 Calibrate all inline flowmeters by a draw-down test.  Where this is not possible, supply accurate portable test meter for on-line comparison.
	.2 Calibrate all density meters by lab samples.
	.3 Calibrate all vacuum and pressure instruments by manometer, deadweight tester, or lab quality test instrument and hand test pump.
	.4 Calibrate gas detectors using certified calibration gas samples.
	.5 Calibrate temperature instruments against a standard lab thermometer or certified temperature calibrator.
	.6 Calibrate, verify, and record all process variable signals connected to or originating from control valves, VFD, HVAC, or other equipment.
	.7 Perform tests and record results on calibration test data forms, which are included in this Section.  Develop additional or more detailed test forms as necessary to suit more complex instrumentation.
	.8 Sign and date all test reports.  Submit the test reports to the Contract Administrator within five working days of testing.


	3.15 Commissioning
	.1 Refer to the requirements of Division 1 for additional Commissioning requirements.
	.2 Inspections
	.1 Provide two 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

	.2 During Commissioning demonstrate to the Contract Administrator proper calibration and correct operation of instruments and gauges 

	.3 Commissioning of the instrumentation and control system to include but not be limited to the following.
	.1 Installation of components, wiring connections, and piping connections.
	.2 Wiring continuity and pipe leak tests.
	.3 Verify instrument calibration and provide written report.
	.4 Function check and adjust under operational conditions the instruments and control equipment.
	.5 Coordinate instruments and control equipment supplier's service personnel as required for complete system testing.
	.6 Instruct plant personnel in correct method of operation of instruments and control equipment.
	.7 Direct plant personnel at handover as to final adjustment of the system for correct operation of plant.
	.8 Ensure that the instrumentation and control equipment suppliers cooperate to complete the Work of this Section.
	.9 Verify signal levels and wiring connections to all instrumentation and control equipment.
	.10 Coordinate and cooperate with City staff and the equipment suppliers to commission control system I/O points during equipment Commissioning.


	3.16 Training
	.1 Provide training, described in detail in Division 1, as required by the plant's personnel to become fully competent in the proper operation and maintenance of all control devices, control valves, and ancillary instrumentation described under this Section of the Specification.

	3.17 Test Forms
	.1 ITR: Instrument Test Report
	.2 LCR: Loop Check Report



	17015.doc
	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 Excluded
	.1 City forces will provide Distributed Control System (DCS) software configuration.

	.3 Work included
	.1 Related Work
	.1 Supply and installation of instrumentation and control equipment including all ancillary equipment and connection of all new instrumentation and equipment to the existing DCS.



	1.2 General Requirements
	.1 Shop Drawings
	.2 As-Constructed Drawings
	.3 Operating and Maintenance Data

	1.3 General Scope of Work 
	.1 Supply, install, test and commission all instrumentation, mounting brackets, mounting stands, termination cabinets, wire, cable, conduit, and other materials covered under Division 17.
	.2 Coordinate with process equipment vendors to install, test and commission the new flow control valves. 
	.3 Supply and install new DCS I/O hardware and I/O termination components if necessary to accommodate new I/O requirements.  All DCS hardware components shall be purchased from ABB Inc. to ensure compatibility with existing system hardware. 
	.4 Coordinate with and assist the City during the DCS commissioning for the new Works.

	1.4 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 and start-up.
	.2 Provide Performance Verification and startup of all systems included in the Scope of Work. 


	2. PRODUCTS
	2.1 Materials
	.1 Provide instrumentation system components in compliance with applicable Sections of this Specification.


	3. EXECUTION
	.1 Not used
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	1. GENERAL
	1.1 References - General
	.1 Suppliers, equipment, products, and execution must conform to all requirements of Section 17010.


	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 EEMAC Type 1A gasketted 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 in corrosive atmospheres to be EEMAC 4X approved for the classification (e.g. grit tank room).
	.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 panel fabricator.
	.4 Marshalling and control panels shall be adequately sized to facilitate a professional, uncluttered arrangement.  Provide adequate internal and external space to accommodate a 20 percent increase in each type of component used.  Allow space for future installation of at least one additional PLC or DCS rack as appropriate.

	2.5 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 Refer to Division 16 for cable routing requirements.

	.2 Tag each wire at both ends with a heat shrink sleeve that is machine printed.
	.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 wireways such as Panduit.  Size all wireways so that the total cross sectional area of the insulated wire and cable does not exceed 40 percent of the cross sectional area of the wireway.
	.5 Provide a minimum clearance of 40 mm between wireways 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 terminal number appended to it.
	.2 Identify every joint and terminal of the above wire run with the same identifier until the wire meets another tagged device, at which point the wire identifier will change to use the new device name and terminal number.
	.3 For example, pressure transmitter K4-PT-100A located in the field has a 2CTPSH cable connected to it.  The cable runs through a junction box to a marshaling panel.  The wire identifiers for the pair of wires would be K4-PT-100A all the way to the marshalling panel.
	.4 Identify spare wires by using the destination identifier, i.e. the location and terminal identifier of the opposite end of the wire are combined to form the wire tag.

	.7 Provide a 120 VAC panel power distribution system and a 24 VDC power distribution system in each panel.  Provide additional power supplies within each cabinet as required to accommodate installed devices.  Provide a thermal magnetic circuit breaker on each main power circuit and a fused terminal block for each branched circuit off the main.  Where two or more 120 VAC circuits are specified for a marshalling or control panel, one circuit shall be dedicated to the UPS system supplying control circuits, one circuit shall be dedicated to panel lighting and utility receptacle, and remaining circuits are either spare or as noted on the Drawings.
	.8 Provide disconnect type terminal blocks Wieland WK4TSK/U type to isolate field wiring that is powered sourced from the panel.
	.9 Provide sufficient terminals so that not more that two wires are connected under the same terminal.  Provide 20 percent spare terminal capacity at each terminal block assembly.
	.10 Terminals shall be Wieland Type WK4/U.
	.11 Provide nameplates for each device on or within the panels and enclosures.  Nameplates shall be black lamicoid with white lettering, a minimum of 25 mm 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.
	.12 All conductors entering a panel and all installed PLC and/or DCS I/O points must be terminated at terminal blocks and spares must be appropriately labeled.  Terminal blocks shall be grouped according to I/O type and I/O card number.  Each I/O point shall be individually fused with blown-fuse indicators and analog loops shall contain a disconnect type terminal block for testing purposes.

	2.6 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 marshaling 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 backpanels 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, Part 3.

	3.2 Mounting Heights
	.1 Unless otherwise specified or a conflict exists, mount all panels, starters and disconnects 2000 mm to top of cover.
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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 connecting equipment.

	1.4 Standards
	.1 All wire and cable shall be CSA approved.

	2. PRODUCTS
	2.1 Twisted Pair Shielded Cables (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 percent 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.

	.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 RTD And Multi Conductor Shielded Cable
	.1 RTD cables shall be CSA approved and shall be constructed as follows:
	.1 Three or more copper conductors, stranded, minimum #18 AWG.
	.2 PVC insulated for 600 V.
	.3 100 percent 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 Conform to  Division 16.

	2.4 Wire
	.1 Conform to Division 16.

	2.5 Fiber Optic Cables
	.1 Provide fiber optic cable assemblies where indicated in the Specification and Drawings.
	.2 Fiber optic cables shall be constructed with specified quantity of 62.5/125 µm multi-mode glass fibers with individual and overall PVC jacket, spiral interlocked armour, and outer PVC jacket FT4 rated.
	.3 Provide terminations for fiber optic cables including; buffer tube fan out kits, connectors, termination panels, and wall mount enclosure.
	.4 Provide fiber optic jumpers 62.5/125 µm multi-mode for inter-cabinet connections.

	3. EXECUTION
	3.1 Analog Signals
	.1 Use TPSH cable for all low level analog signals such as 4-20 mA, 1-5 VDC, 0-10 VDC, 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 control system RTD inputs.

	3.2 Digital Signals
	.1 Use TPSH cable for all 24 V and below input and output signals to the control system.
	.2 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.

	3.3 Installation
	.1 Install instrumentation cables in conduit systems or in cable trays.  Use a minimum of 300 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.  Where splices are required, obtain approval from the Contract Administrator prior to installing the cable.
	.5 Where splices are necessary in instrumentation cables other than coaxial cables, perform such splices on terminal blocks in terminal boxes.  Keep splices in instrumentation cable to a minimum and separated physically from power circuits.  Cable shields shall be terminated on insulated terminals and carried through to the extent of the cable.
	.6 Where splices are made to coaxial cables, use standard coaxial cable connectors.
	.7 Ground cable shields at one end only.  Unless otherwise specified, ground the shields at the marshalling panel.
	.8 Protect all conductors against moisture during and after installation.

	3.4 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 Terminations of fiber optic cables shall be performed by factory trained technicians with appropriate tools and testing equipment.

	3.5 Testing
	.1 Test all conductors for opens, shorts, or grounds.  Resistance values shall not be less than those recommended by the cable manufacturer.
	.2 Test all fiber optic cables and terminations for signal integrity and manufacturer’s specifications.

	3.6 Identification
	.1 Identify all instrumentation cables.
	.2 Identify each conductor with wire numbers using a machine printed heat shrink wire marker, similar to Raychem TMS or equivalent.
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	1. GENERAL
	1.1 References - General
	.1 Refer to Section 17010.


	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 to be powered from the marshalling or field device panels.  Power supplies to be Hammond or G.F.C., or equal, complete with an overvoltage 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.
	.3 Power supplies and transmitters feeding circuits that run in non-armoured 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 percent, and set to provide 26.4 V on the panel direct current bus.  Size the power supply for two times the connected load, minimum size is 2 A.


	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 a UPS in each panel to power the control system equipment including the control system I/O field power.  All UPS systems shall be true on-line types, switching types will not be accepted.
	.2 All UPS systems shall include automatic bypass feature that will pass utility power to the load(s) in the event of internal system failure.  The UPS system shall also provide the capability of manually initiated bypass.
	.3 Provide a UPS for each computer workstation.  Connect the workstation and its associated peripherals such as network concentrators, printers, etc. to the UPS.
	.4 Size the UPS standby capacity for 30 minutes at full load rating of the connected equipment.
	.5 Provide on-line units from Exide, Oneac, Toshiba or Best.

	3. EXECUTION
	3.1 References - General
	.1 Refer to Section 17010, 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 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.
	.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 
	.1 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.


	2. PRODUCTS
	2.1 Transmitters and Indicators
	.1 Provide transmitters and indicators as specified on the Instrument Specification Sheets of Section 17701.
	.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.
	.3 All transmitters to have local indication scaled in engineering units as specified in the engineering 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 Provide remote indicators similar to Action Instruments model V560 for use in unclassified areas.  Action Instruments model V560-EP for use in Class 1 areas is acceptable.
	.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.  


	3. EXECUTION
	3.1 References  - General
	.1 Refer to Section 17010.
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	1. GENERAL
	1.1 References - General
	.1 Refer to Section 17010.


	2. PRODUCTS
	2.1 General
	.1 Use normally closed contacts for alarm actuation which 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 electromagnetic 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 barrier will not permit process fluids into electrical enclosures.
	.6 Switch electrical enclosures to be rated EEMAC 4, minimum.

	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.
	.2 All control indicator lamps, pushbutton switches and selector switches in classified or corrosive (includes outdoors) areas to be Allen Bradley 800H series items.
	.3 Enclosures to be as specified under Section 17110.

	2.3 Relays
	.1 The quality and type of relays shall be based on Omron types.
	.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 Model H3BA, 2PDT, plug-in, and programmable for 16 time ranges and 4 operation modes.
	.5 Time delay relays for flush panel mounting and operator accessible timing range modifications to be Model H5BR, SPDT, screw terminals, programmable for 5 timing ranges and 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.


	3. EXECUTION
	3.1 References - General
	.1 Refer to Section 17010.
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	1. GENERAL
	1.1 References - General
	.1 Refer to Section 17010.


	2. PRODUCTS
	2.1 Signal Conditioning Modules
	.1 Where required, provide signal conditioning modules which comply with the following requirements, unless otherwise specified:
	.1 Analog signal inputs: 4-20 mA DC into 500 ohms
	.2 Analog signal outputs: 4-20 mA DC into 500 ohms
	.3 Discrete output contacts: SPDT rated 5A 
	.4 Arrange electronic trips so that output contact opens in case of loss of signal or loss of power supply.
	.5 Modules to be rated for continuous operation in an ambient temperature of 0 to 80°C.  Ambient temperature effect not to exceed plus or minus 0.01 percent per degree C within that range.
	.6 Span and zero adjustments to be made by front accessible multi turn potentiometers or keypad.
	.7 Provide electronic trip modules with LED indicators for relay status.
	.8 Modules to withstand 30 V per metre radio frequency radiation between 200 and 500 MHz with not more than 0.25 percent calibration effect.  Provide modules with traps on the terminals to shunt conducted radio frequency interference to ground.
	.9 Galvanically isolate signal and power supply terminals from the case.

	.2 All modules specified in this Section to be the product of a single manufacturer.

	2.3 Current to Pneumatic (I/P) Converters
	.1 Not used


	3. EXECUTION
	3.1 References - General
	.1 Refer to Section 17010, Part 3.
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	1. GENERAL
	1.1 References - General
	.1 Equipment, products and execution shall conform to Section 17010.


	2. PRODUCTS
	2.1 Electronic Panel Instruments
	.1 Provide panel instruments with the following requirements, unless otherwise specified:
	.1 Analog instruments to be miniature case drawout type nominally 150 mm high by 75 mm wide by not more than 350 mm deep.
	.2 Make the operator, tuning and configuration adjustments accessible without disconnecting the instrument from the process.
	.3 Analog signal indicators to be solid state, LED or gas discharge type, including bar graph displays with not less than 200 segments.  Backlit LCD indication is also acceptable.
	.4 Analog signal inputs to be 4-20 mA VDC.
	.5 Analog signal outputs to be 4-20 mA VDC into 500 ohms.
	.6 Galvanically isolate the signal and power supply from the instrument case.

	.2 Panel instruments specified in this Section are to be the product of a single manufacturer, and to match and line up to form an integrated appearance and operator interface strategy.


	3. EXECUTION
	3.1 References - General
	.1 Refer to Section 17010.
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	1. GENERAL
	1.1 References - General
	.1 Equipment, products and execution must meet all requirements of Section 17010.


	2. PRODUCTS
	2.1 Miscellaneous Panel Devices
	.1 Pilot Lights
	.1 Provide LED 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 unless otherwise depicted elsewhere.  Refer to Division 16 for additional information
	.2 Terminals
	.1 Provide 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 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 Provide a group of terminals for each of 120 VAC 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 Provide Weidmuller disconnect type terminal blocks for each load or loop powered from the marshalling panels.

	.3 Nameplates
	.1 Refer to Section 17010 for nameplate Specification.



	2.2 Signal Current Isolator
	.1 Isolator to provide galvanic isolation of milliampere transmission signals from transmitters with inadequately isolated output circuits.
	.2 Isolator to 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 to be 4 to 20 mA, with an error not exceeding 0.1 percent of span.  Input resistance will not exceed 550 ohms with an output load of 250 ohms. 
	.4 Isolator to be Moore Industries.

	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, P+F ZG series, or 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 Switches shall comply with IEEE 802.3, 802.3u, 802.3x, 802.1D.
	.2 Switches shall include a minimum of 6 10/100 Base T(x) RJ45 Ports and 2 multimode 100 Base FX Fiber ports.
	.3 Switches shall include one (1) relay output alarm contact rated for 1 A at 24 VDC.
	.4 Input power shall be capable of ranging from 9 to 32 VDC with redundant inputs.
	.5 Switches shall be fast spanning for a sub-second recovery in a ring configuration.
	.6 Switches shall be Eagle Technology ED6008 Series or approved equal.

	2.5 NTSC Fiber Transmitters/Receivers
	.1 Models shall have a minimum of four (4) NTSC compliant channels and one (1) multimode fiber channel.
	.2 Transmitters and receivers shall be supplied with a regulated switching power supply with a 120 VAC input.
	.3 Transmitters and receivers shall be Pelco FT8304MSTR and FR8304MSTR respectively.


	3. EXECUTION
	3.1 References - General
	.1 Refer to Section 17010, Part 3.
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	1. GENERAL
	1.1 General Requirements
	.1 Provide interconnecting wire, cable, and conduit as required to interface the new inputs and outputs associated with the new grit tank aeration system with the existing DCS as defined herein and Section 17600 DCS I/O Index.
	.2 The existing Field Device Panel and DCS termination cabinet(s) are located in the existing grit building control room where shown on the Drawings.
	.3 Cooperate with other contractors, the Contract Administrator, and City staff to complete the interface of the new grit tank aeration equipment with the existing DCS.
	.4 Assist with the start-up and commissioning of the complete control system and associated field devices and wiring.


	2. PRODUCTS
	2.1 ABB INFI 90 Termination Cabinet and I/O Hardware
	.1 General
	.1 All new control system equipment to be based on the ABB Harmony family as applicable (no substitutions allowed).


	2.2 System Integration Requirements
	.1 Cooperate and coordinate activities with other contractors, City staff, and the Contract Administrator to facilitate installation, testing, and commissioning of the grit tank aeration system.
	.2 Control system logic configuration shall be done on the existing Plant DCS system by City personnel.
	.3 Assist the City and equipment vendor to establish interface between the new instrumentation and the existing DCS.  Assist in the testing of all new system inputs and outputs.
	.4 All equipment testing and commissioning responsibilities must be carried out while at the same time maintaining the Plant DCS.  Any equipment outage requirements are to be kept to a minimum and are to be scheduled with the Contract Administrator prior to implementation.


	3. EXECUTION
	3.1 Performance – General
	.1 Refer to Section 17010, Part 3.

	3.2 Installation
	.1 Provide hardware in accordance with the foregoing requirements in sufficient quantity to satisfy the performance requirements defined in this and other Divisions of the Specification.
	.2 Provide all necessary documentation to define the control system including details for all hardware.
	.3 Commission and start up the system as defined herein.
	.4 Provide all documentation and training as defined herein.
	.5 Maintain existing plant operation during entire duration of the Work.  Refer to the requirements of Division 1.
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	1. GENERAL
	1.1 References - General
	.1 Refer to Section 17010.

	1.2 DCS I/O Index
	.1 The following spreadsheet gives an itemized list of the I/O between the DCS 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
	.1 Not used

	3. EXECUTION
	.1 Not used
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	1. GENERAL
	1.1 References - General
	.1 Refer to Section 17010.

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


	2. PRODUCTS
	.1 Not used

	3. EXECUTION
	.1 Not used
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	17701.doc
	1. GENERAL
	1.1 Description
	.1 The Work includes the provision of all Instrument Specification Sheets.
	.2 Refer to Section 17010 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 ISA Standard S20 as a template for the preparation of the specification sheets.


	2. PRODUCTS
	.1 Not used

	3. EXECUTION
	.1 Not used
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	1. GENERAL
	1.1 References - General
	.1 Refer to Section 17010.

	1.2 Instrument Loop Drawings
	.1 The following Drawings show typical instrument loop wiring diagrams.  One (1) Drawing per loop will be completed and submitted for approval after award of Contract.  The following 3 Drawings are an integral part of this Specification Section:


	2. PRODUCTS
	.1 Not used

	3. EXECUTION
	.1 Not used






