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SECTION 15J 
 

TESTING, ADJUSTING, AND BALANCING  
 
PART 1 GENERAL 
 
1.1 SECTION INCLUDES 
 
A. Testing, adjustment, and balancing of air systems. 
 
B. Testing, adjustment, and balancing of hydronic systems. 
 
C. Measurement of final operating condition of HVAC systems. 
 
D. Sound measurement of equipment operating conditions. 
 
E. Vibration measurement of equipment operating conditions. 
 
1.2      RELATED SECTIONS 
 
All other tech. specs. submitted. (from SECTION 15 to 15I) 
 
1.3 REFERENCES 
 
A. TS-5895 - Maintenance and Operation Requirements. 
 
B. ASHRAE 111 - Practices for Measurement, Testing, Adjusting and Balancing of Building 

Heating, Ventilation, Air-Condidioning and Refrigeration Systems. 
 

C. Unified Building Code (UBC) 
 
1.4 SUBMITTALS 
 
A. Unless otherwise specified in the other relevant technical specifications, testing-
adjusting-balancing methods described herewith shall be applicable. 
B. Submit name of adjusting and balancing agency for approval within 30 days after award 
of Contract. The TAB company shall be Cukurova University or similar, as approved by the 
Client. 
C. Field Reports:  Indicate deficiencies in systems that would prevent proper testing, 
adjusting, and balancing of systems and equipment to achieve specified performance. 
D. Prior to commencing work, submit report forms or outlines indicating adjusting, 
balancing, and equipment data required. 
E. Submit draft copies of report for review prior to final acceptance of Project.  Provide final 
copies for Contracting Officer and for inclusion in operating and maintenance manuals. 
F. Provide reports in soft cover, letter size, 3-ring binder manuals, complete with index page 
and indexing tabs, with cover identification at front and side.  Include set of reduced drawings 
with air outlets and equipment identified to correspond with data sheets, and indicating 
thermostat locations. 
G. Include detailed procedures, agenda, sample report forms prior to commencing system 
balance. 
H.  Test Reports:  Submit data in S.I. Metric units. 
 
1.5 NOT USED  
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1.6 QUALIFICATIONS 
 
A.      Agency:  Company specializing in the testing, adjusting, and balancing of systems 

specified in this Section with minimum three years of experience. 
 

B.     Perform work under supervision of registered Professional Engineer experienced in 
performance of this Work. 

 
1.7 SEQUENCING  
 
A. Sequence work to commence after completion of systems and schedule completion of 
work before Substantial Completion of Project. 
 
1.8 SCHEDULING 
 

Not used 
 
PART 2          NOT USED  
 

 Not used 
 
PART 3 EXECUTION 
 
3.1 NOT USED 
 
3.2 EXAMINATION 
 
A. Verify that systems are complete and operable before commencing work.  Ensure the 
following conditions: 
a. Systems are started and operating in a safe and normal condition. 
b. Temperature control systems are installed complete and operable. 
c. Proper thermal overload protection is in place for electrical equipment. 
d. Final filters are clean and in place.  If required, install temporary media in addition to final 
filters. 
e. Duct systems are clean of debris. 
f. Fans are rotating correctly. 
g. Not used 
h. Air coil fins are cleaned and combed. 
i. Access doors are closed and duct end caps are in place. 
j. Air outlets are installed and connected. 
k. Duct system leakage is minimized. 
l. Hydronic systems are flushed, filled, and vented. 
m. Pumps are rotating correctly. 
n. Not used 
o. Service valves are open. 
 
B. Submit field reports.  Report defects and deficiencies noted during performance of 
services which prevent system balance. 
 
C. Beginning of work means acceptance of existing conditions. 
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3.3 PREPARATION 
 
A. Provide instruments required for testing, adjusting, and balancing operations.  Make 
instruments available to Contracting Officer to facilitate spot checks during testing. 
 
B. Provide additional balancing devices as required. 
 
3.4 INSTALLATION TOLERANCES 
 
A. Air Handling Systems: Adjust to within plus or minus 5 percent of design for supply 
systems and plus or minus 10 percent of design for exhaust systems. 
 
B. Air Outlets and Inlets: Adjust total to within plus 10 percent and minus 5 percent of 
design to space.  Adjust outlets and inlets in space to within plus or minus 10 percent of design. 
 
C. Hydronic Systems:  Adjust to within plus or minus 10 percent of design. 
 
3.5 ADJUSTING 
 
A. Ensure recorded data represents actual measured or observed conditions. 
 
B. Permanently mark settings of valves, dampers, and other adjustment devices allowing 
settings to be restored.  Set and lock memory stops. 
 
C. After adjustment, take measurements to verify balance has not been disrupted or that 
such disruption has been rectified. 
 
D. Leave systems in proper working order, replacing belt guards, closing access doors, 
closing doors to electrical switch boxes, and restoring thermostats to specified settings. 
 
E. At final inspection, recheck random selections of data recorded in report.  Re-check 
points or areas as selected and witnessed by the User. 
 
F. Check and adjust systems approximately six months after final acceptance and submit 
report. 
 
3.6 AIR SYSTEM PROCEDURE 
 
A. Adjust air handling and distribution systems to provide required or design supply, and 
exhaust air quantities at site altitude. 
 
B. Make air quantity measurements in ducts by Pitot tube traverse of entire cross sectional 
area of duct. 
 
C. Measure air quantities at air inlets and outlets. 
 
D. Adjust distribution system to obtain uniform space temperatures free from objectionable 
drafts and noise. 
 
E. Use volume control devices to regulate air quantities only to extend that adjustments do 
not create objectionable air motion or sound levels.  Effect volume control by duct internal 
devices such as dampers and splitters. 
 
F. Vary total system air quantities by adjustment of fan speeds.  Provide drive changes if 
required.  Vary branch air quantities by volume damper regulation. 
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G. Provide system schematic with required and actual air quantities recorded at each outlet 
or inlet. 
 
H. Measure static air pressure conditions on air supply units, including filter and coil 
pressure drops, and total pressure across the fan.  Make allowances for 50 percent loading of 
filters. 
 
I. Adjust outside air automatic dampers, outside air and exhaust dampers for design 
conditions. 
 
J. Measure temperature conditions across outside air and exhaust dampers to check 
leakage. 
 
K. Where modulating dampers are provided, take measurements and balance at extreme 
conditions.   
 
L. Measure building static pressure and adjust supply and exhaust air systems to provide 
required relationship between each to maintain appropriate positive static pressure near the 
building entries. 
 
 
3.7 WATER SYSTEM PROCEDURE 
 
A. Adjust water systems to provide required or design quantities. 
 
B. Effect adjustment of water distribution systems by means of balancing cocks, valves, and 
fittings.  Do not use service or shut-off valves for balancing unless indexed for balance point. 
 
C. Where available pump capacity is less than total flow requirements or individual system 
parts, full flow in one part may be simulated by temporary restriction of flow to other parts. 
 
3.8 EQUIPMENT REQUIRING TESTING ADJUSTING & BALANCING 
 
A. Equipment  
 Plumbing Pumps 
 Electric Domestic Water Heater 
 VRF system parts   

Exhaust fans 
Convector heaters   

   
B. Report Forms 
 
1. Title Page: 
a. Name of Testing, Adjusting, and Balancing Agency 
b. Address of Testing, Adjusting, and Balancing Agency 
c. Telephone number of Testing, Adjusting, and Balancing Agency 
d. Project name 
e. Project location 
f. Project Contractor 
g. Project altitude 
h. Report date 
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2. Summary Comments: 
a. Design versus final performance 
b. Notable characteristics of system 
c. Description of systems operation sequence 
d. Summary of outdoor and exhaust flows to indicate amount of building pressurization 
e. Nomenclature used throughout report 
f. Test conditions 
 
3. Instrument List: 
a. Instrument 
b. Manufacturer 
c. Model number 
d. Serial number 
e. Range 
f. Calibration date 
 
4. Electric Motors: 
a. Manufacturer 
b. Model/Frame 
c. HP/BHP 
d. Phase, voltage, amperage; nameplate, actual, no load 
e. RPM 
f. Service factor 
g. Starter size, rating, heater elements 
h. Sheave Make/Size/Bore 
 
5. V-Belt Drive: 
a. Identification/location 
b. Required driven RPM 
c. Driven sheave, diameter and RPM 
d. Belt, size and quantity 
e. Motor sheave diameter and RPM 
f. Center to center distance, maximum, minimum, and actual 
 
6. Pump Data: 
a. Identification/number 
b. Manufacturer 
c. Size/model 
d. Impeller 
e. Service 
f. Design flow rate, pressure drop, BHP 
g. Actual flow rate, pressure drop, BHP 
h. Discharge pressure 
i. Suction pressure 
j. Total operating head pressure 
k. Shut off, discharge and suction pressures 
l. Shut off, total head pressure 
 
7. VRF System (for each component): 
a. Identification/number 
b. Location 
c. Manufacturer  
d. Model number 
e. Serial number 
f. Capacity 
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d. Model number 
e. Serial number 
 
8. Electric  Convector Heaters: 
a. Manufacturer 
b. Identification/number 
c. Location 
d. Model number 
e. Design kW 
f. Number of stages 
g. Phase, voltage, amperage 
h. Test voltage (each phase) 
i. Test amperage (each phase) 
 
9. Exhaust Fan Data: 
a. Location 
b. Manufacturer 
c. Model number 
d. Serial number 
e. Air flow, specified and actual 
f. Total static pressure (total external), specified and actual 
g. Inlet pressure 
h. Discharge pressure 
i. Sheave Make/Size/Bore 
j. Number of Belts/Make/Size 
k. Fan RPM 
 
10. Domestic Water Heater Data: 
a. Manufacturer 
b. Model number 
c. Design KW 
d. Number of stages 
e. Phase, voltage, amperage  
f. Test voltage (each phase) 
g. Test amperage (each phase) 
h. Capacity 
 
11. Duct Leak Test: (SMACNA or approved similar) 
a. Description of ductwork under test 
b. Duct design operating pressure 
c. Duct design test static pressure 
d. Duct capacity, air flow 
e. Maximum allowable leakage duct capacity times leak factor 
f. Test apparatus 
1. Blower 
2. Orifice, tube size 
3. Orifice size 
4. Calibrated 
g. Test static pressure 
h. Test orifice differential pressure 
i. Leakage 
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12. Sound Level Report: 
a. Location 
b. Octave bands - equipment off 
c. Octave bands - equipment on 
 
13. Vibration Test: 
 
a. Location of points: 
1. Fan bearing, drive end 
2. Fan bearing, opposite end 
3. Motor bearing, center (if applicable) 
4. Motor bearing, drive end 
5. Motor bearing, opposite end 
6. Casing (bottom or top) 
7. Casing (side) 
8. Duct after flexible connection (discharge) 
9. Duct after flexible connection (suction) 
 
b. Test readings: 
1. Horizontal, velocity and displacement 
2. Vertical, velocity and displacement 
3. Axial, velocity and displacement 
 
c. Normally acceptable readings, velocity and acceleration 
d. Unusual conditions at time of test 
e. Vibration source (if non-complying) 
 
 

END OF SECTION 
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	3.0 SUBMITTALS
	4.0   GENERAL REQUIREMENTS
	4.1   Services of "Corrosion Expert"  : The Contractor shall obtain the services of a "corrosion expert" to supervise, inspect, and test the installation and performance of the cathodic protection system.  "Corrosion expert" refers to a person, who by thorough knowledge of the physical sciences and the principles of engineering and mathematics, acquired by professional education and related practical experience, is qualified to engage in the practice of corrosion control of buried or submerged metallic surfaces. 
	4.2   Anode and Bond Wires : Number of anodes as indicated on drawings, shall be provided uniform distances along the metallic tanks.  A minimum of 1 test station, as indicated, shall be used for these anodes. For each cathodic system, the metallic components and structures to be protected shall be made electrically continuous.  This shall be accomplished by installing bond wires between the various structures.  Bonding of existing buried structures may also be required to preclude detrimental stray current effects and safety hazards.  Provisions shall be included to return stray current to its source without damaging structures intercepting the stray current.  The electrical isolation of underground facilities in accordance with acceptable industry practice shall be included under this section.  All tests shall be witnessed by the Contracting Officer.
	4.3   Summary of Services Required : The scope of services shall include, but shall not be limited to, the following:
	4.4   Drawings : Detailed drawings shall be provided showing location of anodes, insulated fittings, test stations, permanent reference cells, and bonding.  Locations shall be referenced to two (2) permanent facilities or mark points.
	4.5   Electrical Potential Measurements : All potential tests shall be made at a minimum of 3 meter (10 foot) intervals witnessed by the Contracting Officer.  Submittals shall identify test locations on separate drawing, showing all metal to be protected and all cathodic protection equipment.  Test points equipment and protected metal shall be easily distinguished and identified.
	4.6   Achievement of Criteria for Protection : All conductors, unless otherwise shown, shall be routed to or through the test stations.  Each system provided shall achieve a minimum metal-to-soil "instant off" potential of minus 850 millivolt potentials with reference to a saturated copper-copper-sulfate reference cell on all underground components. Based upon the measurements taken, the current and voltage of the anodes should be adjusted as required to produce a minimum of minus 850 millivolts "instant off" potential between the structure being tested and the reference cell.  This potential should be obtained over 95 percent of the metallic area.  This must be achieved without the "instant off" potential exceeding 1150 millivolts.  Testing will be witnessed by the Contracting Officer.  Additional anodes shall be provided by the Contractor if required to achieve the minus 850 millivolts "instant off".  Although acceptance criteria of the cathodic protection systems are defined in NACE RP0169, for this project the "instant off" potential of minus 850 millivolts is the only acceptable criteria.
	4.7   Metallic Components and Typicals : Metallic components:  As a minimum, each metallic component shall be protected with two (2) magnesium anodes. This number of anodes is required to achieve minus 850 millivolts "instant off" potential on the metallic area and at the same time not provide overvoltage above 1150 millivolts "instant off."  As a minimum, the magnesium anode unpackaged weight shall 7.7 kilograms, as specified. The magnesium anodes shall be located on each side of the metallic component and routed through a test station.

	5.0   PRODUCTS
	5.1.1   Anode Composition : Anodes shall be of high-potential magnesium alloy, made of primary magnesium obtained from sea water or brine, and not made from scrap metal.  Magnesium anodes shall conform to ASTM B 843 and to the following analysis (in percents) otherwise indicated:
	5.1.2   Dimensions and Weights : Dimensions and weights of anodes shall be approximately as follows:
	5.1.3   Packaged Anodes: Anodes shall be provided in packaged form with the anode surrounded by specially-prepared quick-wetting backfill and contained in a water permeable cloth or paper sack.  Anodes shall be centered by means of spacers in the backfill material.  The backfill material shall have the following composition, unless otherwise indicated:
	5.1.4   Not used
	5.1.5   Connecting Wire
	5.1.5.1   Wire Requirements : Wire shall be solid copper wire sized as specified on the drawings, not less than 3 meters (10 feet) long, unspliced, complying with NFPA 70. Connecting wires for magnesium anodes shall be factory installed with the place or emergence from the anode in a cavity sealed flush with a dielectric sealing compound. 
	5.1.5.2   Anode Header Cable : Cable for anode header and distribution shall be stranded copper wire with type CP high molecular weight polyethylene, 2.8 mm( 7/64 inch) thick insulation, 600-volt rating, in accordance with NEMA WC 5. Size as indicated on the drawings.


	5.2   Miscellaneous Materials
	5.2.1   Electrical Wire: Wire shall be stranded copper wire with NFPA 70, Polyethylene insulation.  Polyethylene insulation shall comply with the requirements of ASTM D 1248 and shall be of the following types, classes, and grades:
	5.2.1.1   Wire Splicing : Connecting wire splicing shall be made with copper compression connectors or exothermic welds, following instructions of the manufacturer.  Single split-bolt connections shall not be used.  Sheaths for encapsulating electrical wire splices to be buried underground shall fit the insulated wires entering the spliced joints and epoxy potting compound shall be as specified below.
	5.2.1.2   Test Wires: Test wires shall be stranded copper wire with NFPA 70, size as indicated on the drawings, type polyethylene insulation.
	5.2.1.3   Resistance Wire: Resistance wire shall be nickel-chromium wire, size as indicated on the drawings.

	5.2.2   Conduit : Rigid galvanized steel conduit and accessories shall conform to UL 6. Non metallic conduit shall conform to NEMA TC 2.
	5.2.3   Test Boxes and Junctions Boxes : Boxes shall be outdoor type conforming to UL 514A.
	5.2.4   Joint, Patch, Seal, and Repair Coating : Sealing and dielectric compound shall be a black, rubber based compound that is soft, permanently pliable, tacky, moldable, and unbacked.  Compound shall be applied as recommended by the manufacturer, but not less than 13 mm(1/2-inch)thick. Coating compound shall be cold-applied coal-tar base mastic or hot-applied coal-tar enamel. Pressure-sensitive vinyl plastic electrical tape shall conform to UL 510.
	5.2.5   Backfill Shields : Shields shall consist of approved pipeline wrapping or fiberglass-reinforced, coal-tar impregnated tape, or plastic weld caps, specifically made for the purpose and installed in accordance with the manufacturer's recommendations.  When joint bonds are required, due to the use of mechanical joints, the entire joint shall be protected by the use of a kraft paper joint cover.  The joint cover shall be filled with poured-in, hot coat-tar enamel.
	5.2.6   Epoxy Potting Compound: Compound for encapsulating electrical wire splices to be buried underground shall be a two package system made for the purpose.
	5.2.7   Test Stations : Stations shall be of the aboveground or flush-curb-box type and shall be the standard product of a recognized manufacturer.  Test stations shall be complete with an insulated terminal block having the required number of terminals.  The test station shall be provided with a lockable over and shall have an embossed legend, "C.P. Test."  A minimum of one (1) test station shall be provided each component of the pipe or tank. A minimum of six (6) terminals shall be provided in each test station.  A minimum of two (2) leads are required to the metallic pipe from each test station.  Other conductors shall be provided for each anode, other foreign pipe, and reference cells as required. Test stations may be constructed of nonmetallic materials.  However, if nonmetallic materials are utilized, as a minimum, the materials shall be resistant to damage from ultraviolet radiation, contain good color retention qualities, contain high strength qualities, and be resistant to accidental or vandalistic impacts that might be normally encountered in the environment for which they are to be installed.  The test stations shall be listed for the particular application for which they are to be utilized.
	5.2.8   Joint and Continuity Bonds: Bonds shall be provided across all joints in the metallic water or gas lines, across any electrically discontinuous connections and all other pipes and structures with other than welded or threaded joints that are included in this cathodic protection system.  Unless otherwise specified in the specifications, bonds between structures and across joints in pipe with other than welded or threaded joints shall be stranded copper cable, size as shown on the drawings, with polyethylene insulation.  Bonds between structures shall contain sufficient slack for any anticipated movement between structures.  Bonds across pipe joints shall contain a minimum of 102 mm (4 inches) of slack to allow for pipe movement and soil stress.  Bonds shall be attached by exothermic welding.  Exothermic weld areas shall be insulated with coating compound and approved, and witnessed by the Contracting Officer.  Continuity bonds shall be installed as necessary to reduce stray current interference.  Additional joint bondings shall be accomplished by the Contractor where the necessity is discovered during construction or testing or where the Contracting Officer's representative directs that such bonding be done.  Joint bonding shall include all associated excavation and backfilling.  There shall be a minimum of two (2) continuity bonds between each structure and other than welded or threaded joints.  The Contractor shall test for electrical continuity across all joints with other than welded or threaded joints and across all metallic portions or components. The Contractor shall provide bonding as required and as specified above until electrical continuity is achieved.  Bonding test data shall be submitted for approval.
	5.2.9   Resistance Bonds : Resistance bonds should be adjusted as outlined in this specification.  Alternate methods may be used if they are approved by the Contracting Officer.
	5.2.10   Stray Current Measurements : Stray current measurements should be performed at each test station.  Stray currents resulting from lightning or overhead alternating current (AC) power transmission systems shall be mitigated in accordance with NACE RP0177.
	5.2.11   Electrical Isolation of Structures : As a minimum, isolating flanges or unions shall be provided at the following locations:
	5.2.11.1   Electrically Isolating Pipe Joints : Electrically isolating pipe joints shall be of a type that is in regular factory production.
	5.2.11.2   Electrically Conductive Couplings: Electrically conductive couplings shall be of a type that has a published maximum electrical resistance rating given in the manufacturer's literature.  Cradles and seals shall be of a type that is in regular factory production made for the purpose of electrically insulating the carrier pipe from the casing and preventing the incursion of water into the annular space.
	5.2.11.3   Insulating Joint Testing : A Model 601 Insulation Checker, as manufactured by "Gas Electronics", or an approved equal, shall be used for insulating joint (flange) electrical testing.

	5.2.12   Underground Structure Coating : This coating specification shall take precedence over any other project specification and drawing notes, whether stated or implied, and shall also apply to the pipeline or tank supplier.  No variance in coating quality shall be allowed by the Contractor or Base Construction Representative without the written consent of the designer.  All underground metallic pipelines and tanks to be cathodically protected shall be afforded a good quality factory-applied coating.  This includes all carbon steel, cast-iron and ductile-iron pipelines or vessels.  Coatings shall be selected, applied, and inspected in accordance with NACE RP0190 and as specified.  If non-metallic pipelines are installed, all metallic fittings on pipe sections shall be coated in accordance with this specification section.
	5.2.12.1   Field Joints : All field joints shall be coated with materials compatible with the pipeline coating compound.  The joint coating material shall be applied to an equal thickness as the pipeline coating.  Unbonded coatings shall not be used on these buried metallic components.  This includes the elimination of all unbonded polymer wraps or tubes.  Once the pipeline or vessel is set in the trench, an inspection of the coating shall be conducted.  This inspection shall include electrical holiday detection.  Any damaged areas of the coating shall be properly repaired.  The Contracting Officer shall be asked to witness inspection of the coating and testing using a holiday detector.
	5.2.12.2   Inspection of Pipe Coatings : Any damage to the protective covering during transit and handling shall be repaired before installation.  After field coating and wrapping has been applied, the entire pipe shall be inspected by an electric holiday detector with impressed current in accordance with NACE RP0188 using a full-ring, spring-type coil electrode.  The holiday detector shall be equipped with a bell, buzzer, or other type of audible signal which sounds when a holiday is detected.  All holidays in the protective covering shall be repaired immediately upon detection.  Occasional checks of holiday detector potential will be made by the Contracting Officer's representative to determine suitability of the detector.  All labor, materials, and equipment necessary for conducting the inspection shall be furnished by the Contractor.

	5.2.13   Resistance Wire : Wire shall be nickel-chromium wire, size as shown on the drawings.
	5.2.14   Electrical Connections : Electrical connections shall be done as follows:
	5.2.15   Electrical Tape : Pressure-sensitive vinyl plastic electrical tape shall conform to UL 510.
	5.2.16   Permanent Reference Electrodes


	6.0   EXECUTION
	6.1   Criteria Of Protection   :  Acceptance criteria for determining the adequacy of protection on a buried underground pipe, tank or metallic component shall be in accordance with NACE RP0169, OR NACE RP0285 and as specified below.
	6.1.1   Iron and Steel : The following method (a) shall be used for testing cathodic protection voltages.  If more than one method is required, method (b) shall be used.

	6.2   Anode Storage And Installation
	6.2.1   Anode Storage: Storage area for magnesium anodes will be designated by the Contracting Officer.  If anodes are not stored in a building, tarps or similar protection should be used to protect anodes from inclement weather.  Packaged anodes, damaged as a result of improper handling or being exposed to rain, shall be resacked by the Contractor and the required backfill added.
	6.2.2   Anode Installation: Unless otherwise authorized, installation shall not proceed without the presence of the Contracting Officer.  Anodes of the size specified shall be installed to the depth indicated and at the locations shown.  Locations may be changed to clear obstructions with the approval of the Contracting Officer.  Anodes shall be installed in sufficient number and of the required type, size, and spacing to obtain a uniform current distribution over the surface of the structure.  The anode system shall be designed for a life of 25 years of continuous operation.  Anodes shall be installed as indicated in a dry condition after any plastic or waterproof protective covering has been completely removed from the water permeable, permanent container housing the anode metal.  The anode connecting wire shall not be used for lowering the anode into the hole.  The annular space around the anode shall be backfilled with fine earth in 150 mm (6 inch) layers and each layer shall be hand tamped.  Care must be exercised not to strike the anode or connecting wire with the tamper.  Approximately 20 liters (5 gallons)of water shall be applied to each filled hole after anode backfilling and tamping has been completed to a point about 150 mm (6inches) above the anode.  After the water has been absorbed by the earth, backfilling shall be completed to the ground surface level.
	6.2.2.1   Single Anodes : Single anodes, spaced as shown, shall be connected or connected through a test station to the pipeline, allowing adequate slack in the connecting wire to compensate for movement during backfill operation.
	6.2.2.2   Welding Methods : Connections to ferrous pipe or metal tanks shall be made by exothermic weld methods manufactured for the type of pipe or tank supplied.  Electric arc welded connections and other types of welded connections to ferrous pipe and structures shall be approved before use.

	6.2.3   Anode Placement – General: Packaged anodes shall be installed completely dry, and shall be lowered into holes by rope sling or by grasping the cloth gather.  The anode lead wire shall not be used in lowering the anodes. The hole shall be backfilled with fine soil in 150 mm (6inch) layers and each layer shall be hand-tamped around the anode.  Care must be exercised not to strike the anode or lead wire with the tamper. If immediate testing is to be performed, water shall be added only after backfilling and tamping has been completed to a point 150 mm (6 inches) above the anode. Approximately 8 liters (2 gallons) of water may be poured into the hole.  After the water has been absorbed by the soil, backfilling and tamping may be completed to the top of the hole.  Anodes shall be installed as specified or shown. In the event a rock strata is encountered prior to achieving specified augered-hole depth, anodes may be installed horizontally to a depth at least as deep as the bottom of the pipe, with the approval of the Contracting Officer.
	6.2.4   Underground Pipeline: Anodes shall be installed at a minimum of 2.5 meters ( 8 feet) and a maximum of 3 meters( 10 feet) from the vessel to be protected.
	6.2.5   Installation Details: Details shall conform to the requirements of this specification.  Details shown on the drawings are indicative of the general type of material required, and are not intended to restrict selection to material of any particular manufacturer.
	6.2.6   Lead Wire Connections
	6.2.6.1: To facilitate periodic electrical measurements during the life of the sacrificial anode system and to reduce the output current of the anodes, if required, all anode lead wires shall be connected to a test station and buried a minimum of 610 mm (24 inches) in depth.  The cable shall be stranded copper, polyethylene insulated cable, sized as shown on the drawings. The cable shall make contact with the structure only through a test station.  Resistance wire shall be installed between the cable and the pipe cable, in the test station, to reduce the current output, if required.  Anode connections, except in the test station, shall be made with exothermic welding process, and shall be insulated by means of at least three (3) layers of electrical tape; and all lead wire connections shall be installed in a moistureproof splice mold kit and filled with epoxy resin.  Lead wire-to-structure connections shall be accomplished by an exothermic welding process.  All welds shall be in accordance with the manufacturer's recommendations.  A backfill shield filled with a pipeline mastic sealant or material compatible with the coating shall be placed over the weld connection and shall be of such diameter as to cover the exposed metal adequately.
	6.2.6.2   Resistance Wire Splices : Resistance wire connections shall be accomplished with silver solder and the solder joints wrapped with a minimum of three (3) layers of pressure-sensitive tape.  Lead wire connections shall be installed in a moisture proof splice mold kit and filled with epoxy resin.

	6.2.8   Underground Pipe Joint Bonds: Underground pipe having other than welded or threaded coupling joints shall be made electrically continuous by means of a bonding connection installed across the joint.

	6.3   Tests and Measurements
	6.3.1   Baseline Potentials: Each test and measurement will be witnessed by the Contracting Officer.  The Contractor shall notify the Contracting Officer a minimum of five (5) working days prior to each test.  After backfill of the pipe or tank, the static potential-to-soil of the pipe or tank shall be measured.  The locations of these measurements shall be identical to the locations specified for pipe- or tank-to-reference electrode potential measurements.  The initial measurements shall be recorded.
	6..3.2   Isolation Testing: Before the anode system is connected to the pipe or tank, an isolation test shall be made at each isolating joint or fitting.  This test shall demonstrate that no metallic contact, or short circuit exists between the two isolated sections of the pipe or tank. Any isolating fittings installed and found to be defective shall be reported to the Contracting Officer.
	6.3.2.1   Insulation Checker: A Model 601 insulation checker, as manufactured by "Gas Electronics", or an approved equal, using the continuity check circuit, shall be used for isolating joint (flange) electrical testing.  Testing shall conform to the manufacturer's operating instructions.  Test shall be witnessed by the Contracting Officer.  An isolating joint that is good will read full scale on the meter.  If an isolating joint is shorted, the meter pointer will be deflected or near zero on the meter scale.  Location of the fault shall be determined from the instructions, and the joint shall be repaired.  If an isolating joint is located inside a vault, the pipe shall be sleeved with insulator when entering and leaving the vault. 
	6.3.2.2   Cathodic Protection Meter: A Model B3A2 cathodic protection meter, as manufactured by "M.C. Miller", or an approved equal, using the continuity check circuit, shall be used for isolating joint (flange) electrical testing.  This test shall be performed in addition to the Model 601 insulation checker.  Continuity is checked across the isolation joint after the test lead wire is shorted together and the meter adjusted to scale.  A full-scale deflection indicates the system is shorted at some location.  The Model 601 verifies that the particular insulation under test is good and the Model B3A2 verifies that the system is isolated.  If the system is shorted, further testing shall be performed to isolate the location of the short.

	6.3.3   Anode Output:  As the anodes or groups of anodes are connected to the pipe or tank, current output shall be measured with an approved clamp-on milliammeter, calibrated shunt with a suitable millivoltmeter or multimeter, or a low resistance ammeter.  (Of the three methods, the low-resistance ammeter is the least desirable and most inaccurate.  The clamp-on milliammeter is the most accurate.)  The valves obtained and the date, time, and location shall be recorded.
	6.3.4   Reference Electrode Potential Measurements: Upon completion of the installation and with the entire cathodic protection system in operation, electrode potential measurements shall be made using a copper-copper sulphate reference electrode and a potentiometer-voltmeter, or a direct-current voltmeter having an internal resistance (sensitivity) of not less than 10 megohms per volt and a full scale of 10 volts.  The locations of these measurements shall be identical to the locations used for baseline potentials.  The values obtained and the date, time, and locations of measurements shall be recorded.  No less than eight (8) measurements shall be made over any length of line or component.  Additional measurements shall be made at each distribution service riser, with the reference electrode placed directly over the service line.
	6.3.5   Location of Measurements
	6.3.5.1  Not used.
	6.3.5.2   Tanks : For underground tanks, measurements shall be taken from the reference electrode located:
	6.3.5.3   Not used.
	6.3.5.5  Not used. 
	6.3.5.6   Recording Measurements: All pipe- or tank-to-soil potential measurements, including initial potentials where required, shall be recorded.  The Contractor shall locate, correct and report to the Contracting Officer any short circuits to foreign pipes or tanks encountered during checkout of the installed cathodic protection system. Pipe- or Tank-to-soil potential measurements shall be taken on as many pipes or tanks as necessary to determine the extent of protection or to locate short-circuits.


	6.4   Training Course: The contractor shall conduct a training course for the operating staff as designated by the contracting officer.  The training period shall consist of a total of 8 hours of normal working time and shall start after the system is functionally completed but prior to final acceptance tests.  The field instructions shall cover all of the items contained in the operating and maintenance instructions, as well as demonstrations of routine maintenance operations, including testing procedures included in the maintenance instructions.  At least 14 days prior to date of proposed conduction of the training course, the training course curriculum shall be submitted for approval, along with the proposed training date.  Training shall consist of demonstration of test equipment, providing forms for test data and the tolerances which indicate that the system works.
	6.5 Cleanup: The contractor shall be responsible for cleanup of the construction site.  All paper bags, wire clippings, etc., shall be disposed of as directed.  Paper bags, wire clippings and other waste shall not be put in bell holes or anodes excavation.





