D&C  JRC:dja


WHEN UPDATING THIS MASTER SPEC SECTION PLEASE REMEMBER TO ALSO MAKE APPLICABLE MODIFICATIONS TO SECTION 220800.
SECTION 230593
CLEANING AND TESTING

PART 1   GENERAL

1.01
RELATED WORK SPECIFIED ELSEWHERE


A.
Balancing of Systems:  Section 230594.

1.02
SUBMITTALS


A.
Quality Control Submittals



1.
Test Reports (Field Tests):




a.
Refrigeration Systems:  Submit test results on Refrigeration Systems Pressure - Dehydration Tests, Form BDC-228, a sample of which can be obtained from the Director’s Representative, or a similar test report form, which includes the data shown on Form BDC-228.




b.
Low Pressure Steam or Hot Water Heating Boilers:  Submit test results on Boiler Test Record, Form BDC-360, a sample of which can be obtained from the Director’s Representative, or a similar test report form, which includes the data shown on Form BDC-360.




c.
Propylene Glycol System Test:  Submit test results in a format acceptable to the Director’s Representative.

USE SUBPARAGRAPH BELOW FOR SYSTEMS NOT COVERED BY BDC FORMS LISTED IN 3 SUBPARAGRAPHS ABOVE



d.
Submit data for each system tested, and/or disinfected; include date performed, description, and test results for each system.

1.03
QUALITY ASSURANCE


A.
Regulatory Requirements:



1.
Perform factory testing of factory fabricated equipment in complete accordance with the agencies having jurisdiction.



2.
Perform field testing of piping systems in complete accordance with the local utilities and other agencies having jurisdiction and as specified.

1.04
PROJECT CONDITIONS


A.
Protection:  During test Work, protect controls, gages and accessories which are not designed to withstand test pressures.  Do not utilize permanently installed gages for field testing of systems.

1.05
SEQUENCING AND SCHEDULING


A.
Transmit written notification of proposed date and time of operational tests to the Director’s Representative at least 5 days in advance of such tests.


B.
Perform cleaning and testing Work in the presence of the Director’s Representative.


C.
Pressure test piping systems inside buildings, at the roughing-in stage of installation, before piping is enclosed by construction Work, and at other times as directed.  Perform test operations in sections as required and directed, to progress the Work in a satisfactory manner and not delay the general construction of the building.  Valve or cap-off sections of piping to be tested, utilizing valves required to be installed in the permanent piping systems, or temporary valves or caps as required to perform the Work.

PART 2   PRODUCTS

2.01
MATERIALS


A.
Test Equipment and Instruments:  Type and kind as required for the particular system under test.

EDIT TEST MEDIA IN PARAGRAPH BELOW AS REQUIRED

B.
Test Media (air, gas, refrigerant, dry nitrogen, vacuum, water):  As specified for the particular piping or system under test.

EDIT TEST EDIT CLEANING AGENTSIN PARAGRAPH BELOW AS REQUIRED

C.
Cleaning Agent (chemical solution, steam, water):  As specified for the particular piping, apparatus or system being cleaned.

CHECK WITH DESIGNER AS TO SOLUTION CONCENTRATION FOR ETHYLENE GLYCOL SYSTEM IN PARAGRAPH BELOW AND FILL IN 

D.
Propylene Glycol:  Permanent type anti-freeze solution as manufactured by Dow Chemical Co. or Union Carbide.

CHECK WITH DESIGNER FOR SOLUTION CONCENTRATION OF PROPYLENE GLYCOL IN SUBPARAGRAPH BELOW AND FILL IN BLANK AS REQUIRED.


1.
Percentage of Propylene Glycol:  ___ percent.

PART 3   EXECUTION

3.01
PRELIMINARY WORK


A.
Thoroughly clean pipe and tubing prior to installation.  During installation, prevent foreign matter from entering systems.  Prevent if possible and remove stoppages or obstructions from piping and systems.


B.
Thoroughly clean compressed air, control air, refrigerant pipe and similar systems prior to pressure or vacuum testing.



1.
Refrigerant Piping:



a.
Only use factory sealed refrigerant piping.



b.
Crimp and braze caps on ends of previously cleaned piping at end of the day if piping was cut.



c.
When brazing, purge lines with dry nitrogen.
USE ARTICLE BELOW FOR LISTED PIPING APPLICATIONS.  DO NOT USE FOR CIRCULATING WATER AND STEAM APPLICATIONS IN POWER HOUSES.  REFER TO ARTICLE 3.03 FOR CIRCULATING WATER AND STEAM APPLICATIONS IN POWER HOUSES.
3.02
PRESSURE TESTING OF PIPING

A.
Piping shall be tight under test and shall not show loss in pressure or visible leaks, during test operations or after the minimum duration of time as specified.  Remove piping which is not tight under test; remake joints and repeat test until no leaks occur.


B.
General:



1.
Pressure test piping systems inside buildings, at the roughing-in stage of installation, before piping is enclosed by construction Work, and at other times as directed.



2.
Perform test operations in sections as required and directed, to progress the Work in a satisfactory manner and not delay the general construction of the building.

3.
Valve or cap-off sections of piping to be tested, utilizing valves required to be installed in the permanent piping systems, or temporary valves or caps as required to perform the Work.



4.
Isolate existing piping from pressure testing.

5.
Pressure test only new piping unless otherwise specified or directed by Director’s Representative.


C.
Water Systems:



1.
Domestic water (potable cold, domestic hot and recirculation) inside buildings:




a.
Before fixtures, faucets, trim and accessories are connected, perform hydrostatic test at 125 psig minimum for 4 hours.




b.
After fixtures, faucets, trim and accessories are connected, perform hydrostatic retest at 75 psig for 4 hours.



2.
Circulating water systems, including propylene glycol solution systems and cold water make-up piping connections to heating, ventilating, air conditioning and refrigeration systems, unless otherwise specified:




a.
Before final connections are made perform hydrostatic test at 1-1/2 times the maximum working pressure, but not less than 125 psig, for 4 hours.




b.
After final connections are made perform hydrostatic retest at a pressure equal to maximum operating system design pressure, but not less than 30 psig, for 4 hours.



3.
High temperature water systems (supply and return):




a.
Before final connections are made perform hydrostatic test at 450 psig for 4 hours.




b.
After final connections are made perform hydrostatic retest at a pressure equal to maximum operating design pressure, but not less than 250 psig for 4 hours.


D.
Steam, Condensate Return and Pump Discharge Piping:  Before final connections are made perform hydrostatic test at 1-1/2 times maximum working pressure, but not less than 150 psig for one hour.


E.
Gas Piping:  Before backfilling or concealment perform air test of duration and pressure as required by the local gas company.  However, for gas piping designed for pressures of from 4 inches to 6 inches water column, air test at 15 inches Hg for one hour, without drop in pressure.  Test gas piping with air only.  Check joints for leaks with soap suds.


F.
Air Piping:



1.
Compressed Air:  Test with air at 150 psig for one hour.



2.
Control Air:  Test with air at 50 psig for one hour.



3.
Check joints for leaks with soap suds.


G.
Vacuum Piping:  Perform air test at 150 psig for one hour, followed by a vacuum test of 25 inches Hg for one hour, during which time the mercury shall remain stationary for the last 30 minutes of test.


H.
Fuel Oil Piping (Suction and Return):  Perform air test at 150 psig for one hour, followed by a vacuum test of 25 inches Hg for one hour, during which time the mercury shall remain stationary for the last 30 minutes of test.


I.
Gasoline Piping:  As Specified under the Section entitled “Fuel Dispensing System”.

USE ARTICLE BELOW FOR FOR CIRCULATING WATER AND STEAM APPLICATIONS IN POWER HOUSES.  THIS PIPING INCLUDES ALL PIPING AFTER FIRST ANSI STOP VALVE FOR LOW PRESSURE STAEM APPLICATIONS, AND ALL PIPING AFTER SECOND ANSI STOP VALVE FOR HIGH PRESSURE APPLICATIONS.
3.03
PRESSURE TESTING OF POWER HOUSE PIPING

A.
Hydrostatically test all non boiler external piping in accordance with Paragraph 137 of the ASME B31.1 Power Piping Code.


B.
General:



1.
Provide temporary equipment for testing, including pump and gages.



2.
Test gage shall be accurate to within 3 psig and shall be calibrated within six months of the test as recorded on a sticker on the gage.



3.
Test piping system before insulation is installed. 



4.
Perform pressure testing following the completion of postweld heat treatment, nondestructive examinations, and all other fabrication, assembly, and erection activities required to the provide the system or portions thereof subjected to the pressure test with pressure retaining capability.



5.
Remove control devices before testing.



6.
Test each natural section of each piping system independently but do not use piping system valves to isolate sections where test pressure exceeds valve pressure rating.



7.
Fill each section with water and pressurize for indicated pressure and time.



8.
Provide air vents at all high points in the system to purge air pockets while the system is filling.


C.
Test Pressure:



1.
The hydrostatic test pressure shall be as defined in Paragraph 137 of the ASME B31.1 Power Piping Code.  If in doubt, refer to the Director’s Representative.



2.
Continuously maintain the test pressure for a minimum time of 2 hours.  During this 2 hour period, no pressure drop shall be measured.



3.
After the 2 hour period, if necessary, reduce the pressure to design pressure, and hold for such time as may be necessary to continue to conduct examinations for leakage.



4.
Make examinations for leakage on all joints and connections.



5.
The piping system shall show no visual evidence of weeping or leaking.



6.
Hydrostatic testing shall be witnessed by the Director’s Representative.



7.
Repeat tests after any leaks are found, and then corrected.


D.
Test Blinds:



1.
Provide test blinds in any part of the piping when required during the field testing of piping.



2.
Equip test blinds with a long handle.



3.
Submit a written description of the location of test blinds before testing.



4.
Remove all test blinds after testing.


E.
Repair piping systems sections which fail required piping test, by disassembly and re-installation, using new materials to extent required to overcome leakage.



1.
Do not use chemicals, stop-leak compounds, mastics, or other temporary repair methods.


F.
Records:



1.
Maintain accurate, updated records of all hydrostatic testing.




a.
Submit a final log of all hydrostatic testing for the Director’s Representative’s records.



2.
Maintain a constantly updated listed of the following for all hydrostatic tests:




a.
Date and time of test.




b.
Hydrostatic test pressure.




c.
Piping system tested.




d.
Extent of piping system tested so that it can be clearly identified up to what point a piping system has been tested.




e.
Test results.  All failures shall be indicated with the cause explicitly stated.




f.
The Director’s Representative and the Contractor shall witnesses each test.

3.04
TESTING OF EQUIPMENT, APPARATUS AND APPURTENANCES


A.
Low Pressure Steam Boilers:  Perform hydrostatic test at l5 psig after installation with all piping connections shut-off.


B.
Hot Water Boilers:  Perform hydrostatic test at 30 psig, after installation, with piping connections shut-off.


C.
Relief Valves:  Increase pressure in equipment or apparatus to relief valve setting, to test opening of valves at required relief pressures.

3.05
HEATING, VENTILATING AND AIR CONDITIONING SYSTEMS - CLEANING AND OPERATIONAL TESTING


A.
Circulating Heating Hot Water and Chilled Water Systems in Buildings:



1.
Cleaning:



a.
Flush systems and apparatus, upon completion of pressure test(s).




b.
Completely open valves and flush each system with clean water, prior to chemical cleaning.




c.
Repeatedly flush at short intervals until twice the system water capacity has been flushed through.




d.
Chemically clean systems immediately following flushing operations.




e.
Circulate a solution consisting of trisodium phosphate, in a proportion of one pound of chemical to every 50 gallons of water in the system.




f.
Completely fill system with cleaning solution; vent as required, and place in operation, with automatic controls operating and valves fully open.




g.
Allow system to reach design operating temperature or an operating temperature designated by the Director’s Representative.




h.
Circulate the solution through the system for a minimum of 4 consecutive hours; immediately drain system and flush with clean water until the pH at the farthest drain matches the clean water input.




i.
Provide temporary pipe and /or hose required to drain system.




j.
Keep strainers unplugged during cleaning operations.  Remove and clean strainer screens prior to operational test.




k.
Refill system with clean water and correct pH to 7.




l.
Do not flush steam piping thru steam coils.  Provide temporary steam supply and condensate piping to bypass steam coils.



m.
Upon completion of flushing, remove temporary piping and reconnect steam coil.



2.
Operational Test:



a.
Run system in an automatic mode for a minimum of 120 consecutive hours.




b.
During this time, make final adjustments, including the setting of the balancing valves.


B.
Propylene Glycol Systems:



1.
Clean as specified for circulating water systems.



2.
Perform operational test as specified for circulating water systems with propylene glycol solution in system.


C.
Steam Heating Systems:



1.
Cleaning:



a.
Upon completion of pressure test(s), place the system in automatic operation, at a minimum 15 psig steam pressure unless otherwise directed by the Director’s Representative.




b.
Maintain this pressure for a minimum of 4 hours to remove dirt, sludge and foreign substances from the system.




c.
During this time waste the condensate.  Provide temporary piping to transport to transport condensate to blowdown tank.




d.
Allow condensate to cool below 140 degrees F before wasting into sanitary drains.




e.
Periodically blow down strainers during cleaning operations and totally clean strainers and trap elements at end of blow down.




f.
Do not flush.


2.
Operational Test:



a.
Run system in an automatic mode for a minimum of 120 consecutive hours, with final connections made to apparatus, equipment and accessories.




b.
Make final adjustments.


D.
High Temperature Water Piping Systems:



1.
Cleaning:




a.
Upon completion of pressure test(s), steam clean piping systems.




b.
Provide temporary piping as required to facilitate the cleaning operations.



c.
Include drain valves at low points in the temporary piping arrangement with waste piping from each drain valve, terminating at approved points of waste where directed.




d.
Subject piping system to a steam pressure of 10 psig for a period of 8 hours.



e.
During the 8 hour cleaning period, crack the drain valves open.  At times as directed, fully open drain valves to blow down the system; repeat this procedure until the piping is declared clean by the Director’s Representative.




f.
Provide a temporary steam generator, with necessary appurtenances, of capacity to supply and maintain a 10 psig steam pressure on the piping system for steam cleaning purposes.



g.
Water and electric power will be available at the building, in which the piping system is installed.

CHECK WITH TEAM LEADER IN REGARD TO WATER AND ELECTRIC SERVICES AT BUILDING IN SUBPARAGRAPH BELOW.



h.
Remove the temporary equipment and appurtenances upon completion of cleaning.



2.
Operational Test:



a.
Run system in an automatic mode for a minimum of 120 consecutive hours.




b.
During this time make final adjustments.

3.06
REFRIGERATION SYSTEMS - TESTING, DEHYDRATION AND CHARGING


A.
Leak Test Procedure:



1.
Refrigerant Piping Systems:



a.
Pressurize with dry nitrogen to 50 psig and test for leaks using a bubble type solution.




b.
Release this partial test pressure and correct deficiencies.




c.
Charge system with a trace of refrigerant to 15 psig, then add dry nitrogen until system test pressures are reached and retest for leaks with an electronic leak detector.




d.
Release pressure, repair leaks and retest as necessary until no leaks occur.




e.
Recover refrigerant used for leak testing.



2.
System Test Pressures:




a.
Charge system with dry nitrogen and trace of refrigerant (HFC 134A, HFC 245, HFC 404, HFC 407C, HFC 410A or HFC 507) to 350 psig and retest for leaks with an electronic leak detector.  The system must stay at 350 psig pressure for 24 hours to pass the system test pressure test.




b.
Release pressure, repair leaks and retest as necessary until no leaks occur.




c.
Recover refrigerant used for leak testing.


B.
Dehydration:


1.
Low and Ultra Low Temperature Refrigeration Systems (-30 degrees F to 32 degrees F:




a.
Following pressure tests, dehydrate each system with a vacuum pump.




b.
Draw and hold an initial vacuum of 800 microns.  Break this vacuum by pressurizing with dry nitrogen to 10 psig, and change oil in vacuum pump.




c.
Draw and hold a second vacuum of 500 microns.  Break this vacuum by pressurizing with dry nitrogen to 10 psig, and change oil in vacuum pump.




d.
Draw and hold a third vacuum of 250 microns for 8 to 12 hours with an allowable maximum rise of 50 microns.  Break this third vacuum by adding liquid refrigerant specified for the equipment to the high side of the system (liquid line).




e.
Verify vacuum obtained with an electronic vacuum gage.



2.
Medium Temperature Refrigeration Systems (33 degrees F to 55degrees F), and Air Conditioning Systems:




a.
Following pressure tests, dehydrate each system with a vacuum pump.




b.
Draw and hold an initial vacuum of 500 microns.  Break this vacuum by pressurizing with dry nitrogen to 10 psig, and change oil in vacuum pump.




c.
Draw and hold a second vacuum of 500 microns.  Break this vacuum by pressurizing with dry nitrogen to 10 psig, and change oil in vacuum pump.




d.
Verify vacuum obtained with an electronic vacuum gage.


C.
Refrigerant Charging:  Follow equipment manufacturer’s printed charging directions unless otherwise specified.


1.
Introduce refrigerant of type and quantity required through a filter/drier installed in the temporary charging line.




a.
Purge small amount of liquid out of the system side of the charging hose.




b.
Prevent moisture and other contaminants from entering the system.



2.
Charge liquid refrigerant through a charging valve provided in the high pressure side of the system.




a.
Small amounts of gaseous refrigerant may be charged through the compressor suction service valve port.



3.
No bubbles shall appear at the moisture-liquid indicator when the system is fully charged and operational.  Do not overcharge.



4.
Record the weight in pounds of refrigerant charged into each system and submit this record to the Director’s Representative.


D.
Compressor Oil Charge:  Pump oil into the compressor after the last vacuum has been preformed. Follow all Manufactures Recommended for oil type and amount to be installed.


E.
Adjustments and Operational Testing:



1.
Adjustments:  Place the system in operation with automatic controls functioning.  Adjust controls and apparatus for proper operation.  Test thermometers and gages for accuracy over the entire range.  Remove and replace items found defective.




a.
Check belts, fan blades, fittings, TXV bulbs, and electrical connections for tightness before start up.




b.
Check TXV bulb for proper location should be between 8 and 10 o’clock or 2 & 4 o’clock.




c.
Seal off all holes in the condition space as specified.




d.
Provide a point to point control check of the system to ensure that the specified inputs and outputs are receiving the signal from the proper sensors or controlling the proper device.



e.
Set pressure controls and safety controls.




f.
Close or de-energize all solenoids, and start up the system.



g.
Check that all controls and safety switches are operating properly.




h.
Adjust TXV for proper super heat back to the compressors.




i.
Clean TXV strainers as many times as required.




j.
After one week of run time, change the liquid cores if they are the replaceable type.



k.
After one month of run time, replace the liquid cores and compressor suction socks.  Replace the liquid cores as required.  Clean the TXV’s as required.



2.
Operational Test:



a.
Place system in operation, with final connections to equipment and with automatic controls operating, and operate for a minimum of 120 consecutive hours.



b.
Operational test shall prove to the satisfaction of the Director’s Representative that the system can produce the cooling effect required by the drawings and the specifications.

USE ARTICLE BELOW AS REQUIRED.
3.07
DISINFECTION OF POTABLE WATER SYSTEMS


A.
Disinfect potable water pipe and equipment installed in the Work of this Contract.



1.
Completely fill the piping, including water storage equipment if installed, with a water solution containing 50 mg/L available chlorine, and allow stand for 24 hours.


2.
Operate all valves during this period to assure their proper disinfection.



3.
After the retention period, discharge the solution to an approved waste and flush the system thoroughly with water until substantially all traces of chlorine are removed.


4.
Drain and flush water storage equipment if installed.


B.
Connect plumbing fixtures and equipment and place the system into service.  Prevent recontamination of the piping during this phase of the Work.

END OF SECTION
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