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SPEC NOTE DESCRIPTION: Use this Section to identify thermally related anomalies in AC or DC electrical equipment that is capable of direct line-of sight inspection. Inspection is intended to identify anomalies relating to localized heating arising from abnormally warm connections with high resistance caused by poor, loose, improper, corroded, old, over tightened, dissimilar metal or dirty connections.
SPEC NOTE: Most thermographic inspection equipment used in the field is not rated for use in volatile environments. This Section should not be used for inspection services located in Classified Hazardous Locations: Class I, II, and III, Divisions 1 and 2; and Class I, Zones 0, 1, and 2 as defined in NFPA 70E.
SPEC NOTE: Thermographic inspection services for electrical  equipment do not form specific requirements for certain LEED prerequisites and credits in accordance with the Canada Green Building Council (CaGBC) - LEED Canada-NC Version 1.0: Green Building Rating System For New Construction and Major Renovations. However, they can be included as part of Energy and Atmosphere (EA) Credit 3-Best Practice Commissioning. Thermographic inspections will verify that electrical equipment is correctly installed and operating within normal temperature ranges. When project requires LEED certification co-ordinate with NMS Section 01 35 21- LEED Requirements.
Part 1 General
1.1 RELATED REQUIREMENTS
SPEC NOTE: Edit the following paragraphs to list documents or Sections with specific information that the reader might expect to find in this Section, but is specified elsewhere. Do not include Division 00 or Division 01 Sections in this listing.
.1 Section [_____]
1.2 REFERENCE STANDARDS
SPEC NOTE: Edit the following paragraphs to suit project.
.1 American Society for Nondestructive Testing (ASNT)
.1 Recommended Practice SNT-TC-1A [(2001)], Non-Destructive Testing.
.2 Canada Green Building Council (CaGBC)
.1 LEED Canada-NC Version 1.0-[2004], LEED (Leadership in Energy and Environmental Design): Green Building Rating System Reference Package For New Construction and Major Renovations (including Addendum [2007]).
.2 LEED Canada-CI Version 1.0-[2007], LEED (Leadership in Energy and Environmental Design): Green Building Rating System Reference Guide For Commercial Interiors.
.3 National Electrical Contractors Association (NECA)
.4 National Electrical Testing Association (NETA)
.1 NETA Maintenance Testing Specifications-[2005], Section 9.0 Thermographic Survey.
.5 National Fire Protection Association (NFPA)
.1 NFPA 70E [2004], Standard for Electrical Safety in the Workplace.
1.3 DEFINITIONS
.1 Thermographic Inspection: analysis of electrical equipment and components using thermal imaging equipment to observe thermal anomalies providing specific information indicating localized, abnormally warm or cool connections that could indicate potential problems using equipment operated by qualified infrared thermographic technologist having specific knowledge of electrical equipment, electrical site safety and as follows:
.1 Quantitative Inspection: inspection procedure using measurements of infrared radiation, assigning specific numeric values to observed deficient patterns, and presenting that information in Thermographic Inspection Report.
.2 Thermographic Inspection Report: organized document stating inspection purpose, description of components being inspected, general findings, and recommendations including, but not limited to appropriately analyzed thermal images with corresponding visual photographs to express observed deficient conditions, statements interpreting observed deficient conditions.
.1 Quantitative Thermographic Inspection Report: developed by means of quantitative thermographic inspection where measurement of infrared radiation is used to determine relative fault severity. Recommendations identify corrective measures required to fix deficient conditions
.3 Limited Approach Boundary: approach limit at distance from exposed live part of electrical equipment within where potential shock hazard exists as defined by NFPA 70E and as determined by following analyses:
.1 Shock Hazard Analysis: determines shock hazard that personnel will be exposed to, boundary requirements, and personal protective equipment requirements to minimize electrical shock hazard.
.2 Flash Hazard Analysis: determines arc flash hazard, establishes safe working distance and personal protective equipment required within Limited Approach Boundary.
1.4 ACTION AND INFORMATIONAL SUBMITTALS
.1 Provide submittals in accordance with Section [01 33 00- Submittal Procedures].
.2 Provide [4]copies of Thermographic Inspection Report to [DCC Representative] [Consultant] [Departmental Representative].
.3 If available submit baseline data from previous inspections.
.4 Submit inspection plan before starting work of thermographic inspection indicating path of travel and equipment being inspected, record following information:
.1 Loading conditions or situations that may affect thermographic scans.
.2 Removal of accessories affecting calibration of thermographic scanning instruments.
.3 Equipment labels and performance data.
.5 Submit Quantitative Thermographic Inspection Report containing specific test results listed in this section, organized in accordance with NETA Maintenance Testing Specifications, and as follows:
.1 Scoping statement and problem identification.
.2 Names and qualifications of personnel performing inspections, interpreting data and preparing Thermographic Inspection Report.
.3 Record thermal anomalies ranging outside of expected observations and identify the following:
.1 Description of component being inspected.
.2 Voltage, amperage rating and phase of component.
.3 Exact location of component.
.4 Date and time of inspection.
.5 Modifications to inspection route, or equipment not available or inaccessible at time of inspection.
.6 Specialized camera accessories (i.e.: spark shield).
.4 Record quantitative information including, but not limited, the following:
.1 Surface temperature of component being inspected.
SPEC NOTE: Surface emissivity may not be available or measurable in some instances. Thermographic Inspection Agency should note this in the Inspection Report.
.2 Estimated or measured surface emissivity of component.
.3 Component rating or size.
.4 Actual load condition on electrical equipment (percentage), calculated by dividing measured amperage used by rated amperage.
.5 Surface temperature of defined reference component, including temperature change across component.
.6 Background temperature.
.7 Ambient air temperature.
.8 Abnormal physical conditions based on visual inspection.
.9 Difference in temperature between inspected component and defined reference component, ambient air temperature, or both.
SPEC NOTE: Include inside wind speed for interior components where large movements of air have a possibility of affecting observations.
.10 Inside wind speed or convection currents.
SPEC NOTE: Include environmental conditions for components exposed to weather.
.11 Environmental conditions during inspection including influences from solar gain, moisture and wind.
.5 Record testing methods used to confirm findings including, but not limited to, the following:
.1 Voltage or current checks.
.2 System load.
.3 Ultrasound.
.4 Oil analysis.
.5 Power monitoring.
.6 Fault gas analysis.
.7 Motor testing.
.6 Types of equipment used and methods of confirmation including, but not limited to, as follows:
.1 Electrical testing equipment, ammeter and voltage meter.
.2 Infrared radiometer, air flow sensor,  temperature and relative humidity equipment used in inspections along with calibration information for equipment.
.3 List of various lenses used to obtain infrared thermographic imagery and temperature data.
.4 Emissivity values used to calibrate temperature readings.
.7 Diagnoses and identification of suspected problems including photographs and commentary indicating severity and types of thermal anomalies detected, with corrective actions prioritized by thermographic evidence and the following contributory factors:
.1 Probability of failure including, but not limited to, the following:
.1 History.
.2 Load.
.3 Convection.
.4 Reliability of measurement.
.5 Temperature.
.6 Temperature rise.
.7 Rate of temperature rise.
.2 Consequence of Failure including, but not limited to, the following:
.1 Safety.
.2 Criticality.
.3 Environmental.
.4 Cost.
.5 Quality.
.3 Indicate temperature calibration parameters on thermal image data including, but not limited to, emissivity and reflected background temperature.
.8 List of all equipment that could not be inspected and reasons for no inspection:
.1 Equipment not found.
.2 Equipment not running or under
.3 Equipment not adequately loaded.
.4 Equipment loaded but not running long enough.
.5 Low duty cycle.
.6 Panel could not be opened.
.7 Line of sight not available.
.8 Emissivity too low.
.9 Environmental conditions unfavourable.
.9 Interpretation of observed conditions and deficiencies including probable causes of each thermal anomaly detected listing priority ratings and actions as follows:
.1 Low probability or consequence of failure: recommend no action required until next scheduled inspection.
.2 Unknown or uncertain probability of failure, or increased risk of consequence of failure: recommend increased monitoring frequency, and alternative diagnostic technology to further define severity or cause of anomaly.
.3 High probability of failure high or severe consequence of failure: recommend solutions and related additional inspections that may be required to verify that repairs have been completed.
.10 Attachments and appendices including, but not limited to, drawings, electrical equipment schedules, visual images, thermographic images, and calculations used to determine electrical equipment fault severity.
.6 Submit calibration report dated within one year prior to inspection demonstrating that temperature measuring thermal imaging equipment is accurately measuring surface temperature in accordance with equipment manufacturer's specifications.
.7 Information obtained during inspection and for preparing Thermographic Inspection Report is considered proprietary for use of [Consultant] [Departmental Representative] [DCC Representative]; submit original data used to prepare Thermographic Inspection Report as separate package.
SPEC NOTE: Co-ordinate the following paragraph with Section 01 35 21- LEED Requirements.
.8 Sustainable Design Submittals:
.1 LEED Canada-[CI Version 1.0] [NC Version 1.0]Submittals: in accordance with [Section 01 35 21- LEED Requirements].
1.5 QUALITY ASSURANCE
.1 Qualifications: provide personnel having minimum 3 years of related experience and having following minimum levels of training:
.1 Thermal Imaging Equipment Operators:
.1 Use thermal imaging equipment operators having training in courses recognized by ASNT covering basic infrared camera operation, infrared theory and practical thermographic application in common thermal inspections relating to inspection of electrical equipment and electrical site safety, and having qualified and tested to full compliance with ASNT TC-1A TIR Level 1 and an Employers Written Practice for Personnel qualification for electrical equipment inspections.
.2 Provide Certificate of Qualification showing full compliance certification by accredited third party ASNT Level III.
.2 Reporters:
.1 Use reporters having training in courses recognized by ASNT covering enhanced infrared camera operation, expanded infrared theory, and detailed practical thermographic application in common thermal inspections relating to electrical equipment, having specific training in electrical equipment inspections and electrical site safety, having capability of interpreting common electrical deficiencies, causes and effects, and having qualified and tested to full compliance with ASNT TC-1A TIR Level II and an Employer's Written Practice for Personnel qualification for electrical equipment inspections.
.2 Provide Certificate of Qualification showing full compliance certification by accredited third party ASNT Level III.
.3 Report Author:
.1 Use authors familiar with electrical systems and components similar to those being inspected, who is capable of providing conclusions and recommendations within Thermographic Inspection Report and having technical or professional training in electrical installations from an accredited college or university, and having qualified and tested to full compliance with ASNT TC-1A TIR Level II and an Employer's Written Practice for Personnel qualification for electrical equipment inspections.
.2 Provide Certificate of Qualification showing full compliance certification by accredited third party ASNT Level III.
.4 Licensed Electrician:
.1 Use only electricians licensed by provincial Authorities Having Jurisdiction to open panels, cabinets, and transformer covers, and for obtaining amperage and voltage readings.
1.6 SCHEDULING
.1 Notify [DCC Representative] [Consultant] [Property Manager] [Departmental Representative]to provide representative who can obtain necessary security clearances for thermographic inspection agency for regular and after hours work on both interior and exterior of building.
.2 Notify [Departmental Representative] [DCC Representative] [Consultant]to provide electrician and/or site representative who is knowledgeable with facility and electrical equipment and components, and who is able to assist thermographic inspection agency in identifying components forming part of total building electrical system.
Part 2 Products
2.1 EQUIPMENT
.1 Thermographic Imaging Equipment: radiometric, temperature sensing, digital thermal imaging system capable of working at exterior ambient temperatures experienced in field and meeting following minimum requirements; spot radiometers will not be acceptable:
.1 Minimum Detectable Temperature Difference (MDTD): 0.2 degrees C differentiation at 30 degrees C or better, having a range of -20 degrees C to 300 degrees C or better.
.2 Performance Range: capable of working at exterior ambient temperatures, with actual MDTD not to decrease to less than 0.2 degrees C on (blackbody equivalent) temperature of surface being detected, have capability of taking direct temperature measurements and be adjustable for emissivity with camera or with image processing software.
.3 Minimum Spatial Resolution: Instantaneous Field of View (IFOV)
.1 For interior inspections: 120 x 160 FPA: 3 milliradians or better.
.2 For exterior inspections: 240 x 320 FPA: 1.5 milliradians or better.
.4 Minimum Measurement Resolution: Instantaneous Field of View for Measurement Purposes (IFOV Measure).
.1 For interior inspections: 120 x 160 FPA or better, consisting of minimum 10,000 true detector pixels, distance to target surface and spot size ratio to be better than 100:1.
.2 For exterior inspections: 240 x 320 FPA or better, consisting of minimum 40,000 true detector pixels, distance to target surface and spot size ratio to be better than 100:1.
.5 Level, Span and Emissivity Storage Settings: minimum 12 bit mapping protocol image format to allow for picture readjustment of stored data.
.6 Digital Image Format: non-proprietary.
.7 Video Output: NTSC compatible video stored in MPEG video file format from which minimum 2 mega pixel still images can be extracted, having date/time stamping and capability for post-processing to enhance observed conditions.
.2 Related Equipment: provide related equipment for performing thermographic inspection including, but not limited to, as follows:
.1 Ambient Air and Contact Thermometer.
.2 Relative Humidity Meter.
.3 Anemometer.
.4 Air Flow Meter.
.5 Analog or digital video camera and/or recorder.
.6 Standard, Wide Angle and Telephoto Lenses for Visible and Infrared Cameras.
.7 Tools required to safely access panels, enclosure doors, and equipment.
.8 Mirrors for observing equipment where direct line of site is not possible.
.9 Electricians tape; black, having emissivity of 0.95 for normalizing reflective surfaces.
.10 Voltage and amperage measuring devices.
.11 Visible Still Image (35 mm) or Digital Cameras having a minimum 4 mega pixel image resolution.
.12 Appropriate personal protective equipment meeting requirements for arc potential energy level, calculated for specific equipment in accordance with NFPA 70E.
.13 Other equipment or supplies necessary to complete electrical equipment inspection.
Part 3 Execution
3.1 MANUFACTURER'S INSTRUCTIONS
.1 Compliance: comply with manufacturer's written recommendations or specifications, including product technical bulletins, handling, storage and installation instructions, and datasheets.
3.2 EXAMINATION
.1 Examine drawings and specifications to become familiar with building electrical systems and equipment design.
.2 Confirm that equipment is operating and under normal load for sufficient time, and as follows:
.1 Arrange with site representative to start equipment sufficiently in advance to allow equipment to reach operating temperature
.2 Locate and identify equipment being inspected and confirm that equipment is clearly labelled.
.3 Record observed conditions or deviations, and note any changes on inspection plan.
3.3 PREPARATION
.1 Confirm calibration of infrared radiometer equipment over range of (blackbody equivalent) temperatures measured by scan and include confirmation of calibration as part of final Thermographic Inspection Report.
.2 Conduct pre-inspection safety briefing with personnel performing inspection:
.1 Establish Limited Approach Boundary and work practices in accordance NFPA 70E.
.2 Ensure that personnel are familiar with and are wearing appropriate personal protective equipment.
.3 Locate and identify the equipment to be inspected.
.1 If equipment is not clearly or properly identified work with [DCC Representative] [Departmental Representative] [Consultant]to verify equipment to be inspected and have it properly labelled.
.2 Prepare route list and line diagram of equipment to be inspected.
.4 Notify personnel within thermographic inspection area of procedures and equipment being inspected, arrange for removal and replacement of accessories or attachments affecting calibration of thermographic scanning instruments.
.5 Clean electrical equipment enclosures free of dust, debris or liquids that might spill into inspection area when they are opened.
SPEC NOTE: Include requirement for baseline comparison for follow-up and troubleshooting inspections.
.6 [Obtain baseline images and data from  [Consultant] [DCC Representative] [Departmental Representative] for comparison purposes during inspection, record changes to baseline information in Thermographic Inspection Report].
3.4 THERMOGRAPHIC INSPECTION
.1 Wear appropriate PPE for allowed working distance, as outlined in NFPA 70E.
.2 Perform thermographic scans on equipment and panels operating at full load for minimum of 1 hour after temperature has stabilized; shield opened panels to protect against air currents that could distort readings.
.3 Perform thermographic scans in accordance with ASNT SNT-TC-1A, and to minimize time spent within Limited Approach Boundary using properly focused scanning equipment having correct range, span and level settings, with correctly combined object size and inspection distance set for equipment IFOV.
.4 Thermal images should be acquired for measurement purposes at appropriate distances such that distance of target surfaces to spot size ratio is less than 100:1. Equipment shall be used in such manner as to measure spot sizes of 6 mm or greater. For spot sizes of 6 mm:
.1 Equipment having 120 x 160 pixel resolution with IFOV of 3 milliradians or better should limit distance to target surfaces to 2 m or less.
.2 Equipment having 240 x 320 pixel resolution with IFOV of 1.5 milliradians or better should limit distance to target surfaces to 4 m or less.
.3 Appropriate telephoto lenses should be used for inspection work where spatial resolution  as stated above cannot be met with standard lenses.
.4 Increased spot size resolution will result in proportional increased maximum distances to target surfaces.
.5 Scan exterior of equipment enclosures for thermal anomalies before opening doors or panels and as follows:
.1 Keep personnel away from potential arc flash zone in accordance with NFPA 70E.
.2 Open doors or panels where scan indicates no thermal anomalies consistent with internal electrical fault.
.3 Take suitable precautions before opening panels where thermal anomalies indicate potential for severe internal electrical fault.
.4 Store doors and panels in location that poses no potential hazard (i.e.: falling into open enclosure, blocking an exit, or similar hazardous condition) to allow unobstructed access to equipment enclosure.
.5 Remove clear or tinted plastic and glass covering electrical components.
.6 Perform visual inspection using licensed electrician and confirm that systems are safe before starting scans on interior of enclosures.
.7 Inspect infrared viewing windows and make sure they are clean and secure.
.6 Protect scanned area from localized air movement of forced convection currents and complete scanning in manner to avoid temperature changes in temperature that could reduce reliability of data.
.7 Verify that thermal anomalies are not thermal reflections by moving inspection position or changing viewing angle.
.8 Notify licensed electrician of faults that create unsafe condition for performance of electrical inspection (i.e.: severely loose conductors).
.9 Notify [DCC Representative] [Departmental Representative] [Consultant]of equipment and wiring that could not be inspected and state reasons for no inspection.
.1 Advise follow up measures required to inspect this equipment.
.10 Notify [Consultant] [DCC Representative] [Departmental Representative]of thermal anomalies that cannot be explained by normal variations in load (i.e.: temperature differences between phases in 3 phase system, abnormally warm or cool conditions, or other irregular temperature variations), record summary of findings and make recommendations for corrective measures to be taken.
.11 Notify [Consultant] [Departmental Representative] [DCC Representative]of thermal anomalies having immediate concern and that has high probability of failure high or severe consequence of failure.
3.5 ELECTRICAL INSPECTION
.1 Conduct visual inspection to determine cause of anomaly, record observed conditions using still image or digital camera from same angle and distance as thermographic scan.
.2 Conduct load test reading with equipment at maximum loading using licensed electrician after completion of thermographic scanning to determine:
.1 Load is even among three phases.
.2 Loads are at least 40% of maximum operating load.
.3 Reinstall doors, panels, and clear or tinted plastic and glass covers in accordance with NFPA 70E to match equipment manufacturers original installation before starting inspection of each subsequent piece of equipment.
3.6 RECORDING
.1 Record observed thermal anomalies for, but not limited to, following electrical equipment types:
.1 Switches: connections, latch end, hinge end, and fuse connection.
.2 Bolted or compression line connections.
.3 Insulators.
.4 Dry Transformers: high and low side connections, coil temperatures (all phases), and surge protection.
.5 Switchgear: bus connections, compression connections, bus stabs, breakers (directly viewable) and surge protection.
.6 Motor Control Cabinets (MCC): lug and crimp connections, connections-to-bus, fuses, fuse clips, relays, overload heaters, breaker line/load conductor phase connections and breaker contacts (indirectly viewable), neutral connections and conductors.
.7 Distribution and Lighting Panels: line side connections, breaker-to-bus connections, breaker lug connections, breaker contacts (indirectly viewable), neutral connections and conductors, and cabinet heaters.
.8 Disconnect Enclosures: disconnect switch contacts (latch and hinge sides), fuses, fuse clips, crimp and lug connections, and neutral connections and conductors.
.9 Batteries: charging or discharging minimum 20 minutes prior to inspection, terminal connections and cell temperatures compared to other cells.
.10 Exposed Bus and Ventilated Bus Duct: directly viewable through ventilation slots, scan bus with particular attention to narrow span, IFOV, localized heating, and reflection issues.
.2 Document observations for each piece of inspected electrical equipment and list probability or consequence of failure including, but not limited to, following:
.1 Equipment Inspected, No Anomaly Found: record only load and running condition.
.2 Equipment Inspected, Anomaly Found: record thermographic and visible light image load and running condition, include statement of condition and recommend immediate repairs and re-inspection.
.3 Equipment Not Inspected: record reasons including, but not limited to, the following:
.1 Equipment not found.
.2 Equipment not running.
.3 Equipment not adequately loaded.
.4 Equipment loaded but not running for sufficient time period.
.5 Low duty cycle.
.6 Panel could not be opened.
.7 Line of sight not available.
.8 Emissivity too low.
.9 Environmental conditions unfavourable.
.3 Verify that electrician has secured area or returned doors, panels, and interlocks to normal operating position before moving to next piece of equipment.
3.7 RE-INSPECTIONS
.1 Re-inspect items reported in Thermographic Inspection Report after repairs have been made, perform re-inspections in same manner as original inspections.
.2 Prepare follow-up summary referencing original Thermographic Inspection Report using before and after images confirming that repairs were successfully completed or indicating that repairs were not effective at repairing deficient areas.
.3 Repeat thermographic re-inspection indicating insufficient repairs to confirm compliance with specified requirements after subsequent repairs are made.
.4 Costs for repairs to correct electrical deficiencies and subsequent re-inspections will be responsibility of [Contractor].
3.8 CLEANING
.1 Proceed in accordance with Section [01 74 11- Cleaning].
.2 On completion and verification of performance of installation, remove surplus materials, excess materials, rubbish, tools and equipment.
END OF SECTION

