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PROJECT NAME


SECTION 15992

CLEANING, TESTING, AND DISINFECTING 
PIPED BUILDING SYSTEMS

PART 1 - GENERAL

1.01
SECTION INCLUDES

A.
Cleaning and flushing building piping systems 

B.
Testing building piping systems 

C.
Disinfecting building piping systems 

D.
Placing building piping systems in operation 

1.02
RELATED SECTIONS

A.
Section 02675 - Cleaning, Testing, and Disinfecting Utility Systems

B.
Section 15190 - Mechanical Identification

C.
Section 15410 - Plumbing Piping

D.
Section 15490 - Process and Laboratory Piping

E.
Section 15510 - Hydronic Piping

F.
Section 15520 - Steam and Steam Condensate Piping

G.
Section 15535 - Refrigeration and Piping Specialties

1.03
REFERENCES

The following documents form a part of these specifications to the extent stated herein.  Unless otherwise indicated, use the issue in effect on the date of request for quotation.  Bring any conflicts between specifications, drawings, and the referenced documents to the attention of the University, in writing, for resolution before taking any related action.  Where differences exist between codes and standards, the one affording the greatest protection shall apply.

A.
Code of Federal Regulations (CFR)

1.
29 CFR 1910  Occupational Safety and Health Standards (OSHA)

B.
American Water Works Association (AWWA)

1.
AWWA C601  Disinfecting Water Mains

C.
Compressed Gas Association (CGA)

1.
CGA G4.1  Cleaning Equipment for Oxygen Service

D.
Factory Mutual Engineering (FM)

1.
FM  Factory Mutual System Loss Prevention Data Sheets

E.
International Association of Plumbing and Mechanical Officials (IAPMO)

1.
IAPMO UPC  Uniform Plumbing Code

F.
National Fire Protection Association (NFPA)

1.
NFPA-12A  Halon 1301 Fire Extinguishing Systems

2.
NFPA 13  Installation of Sprinkler Systems

3.
NFPA 14  Installation of Standpipe and Hose Systems

4.
NFPA 15  Water Spray Fixed Systems for Fire Protection

5.
NFPA 20  Installation of Centrifugal Fire Pumps

6.
NFPA 30  Flammable and Combustible Liquids Code

7.
NFPA 31  Installation of Oil Burning Equipment

8.
NFPA 51  Design and Installation of Oxygen-Fuel Gas Systems for Welding, Cutting and Allied Processes

9.
NFPA 51B  Fire Prevention in Use of Cutting and Welding Processes

10.
NFPA 54  National Fuel Gas Code 

11.
NFPA 58  Storage and Handling of Liquefied Petroleum Gases

1.04
ABBREVIATIONS

CA
=
Compressed Air

CW
=
Domestic Cold Water

CW/F
=
Domestic Cold Water Used for Fire Protection Purpose

DW
=
Demineralized Water

DIW
=
Deionized Water

fps
=
Feet per Second

HPG
=
High Pressure Natural Gas

HW
=
Domestic Hot Water

LCW
=
Low Conductivity Water

MAWP
=
Maximum Allowable Working Pressure

m/s
=
Meters per Second

1.05
SUBMITTALS

Confirm requirements and procedures with Maintenance and Operations Department.  Certain projects may require the University to conduct flushing operations.

Submit testing, cleaning, and disinfecting procedures in accordance with the requirements of section 01210.

1.06
PROJECT CONDITIONS

Coordinate requirements for disposal of used water with "Special Requirements" section 01210/01230.

Water to be discharged from flushing and disinfecting procedures shall be neutralized and disposed of in accordance with section 01210.

PART 2 - PRODUCTS

Not used

PART 3 - EXECUTION

3.01
CLEANING AND FLUSHING

A.
Water Piping Systems:

Water piping systems included in this subpart are CW, LCW, DW, steam, steam condensate, chilled water, heating hot water, building domestic hot and cold water, building drainage, and vent piping systems.  Edit to provide only the specific information needed for the project.  Cross-out any piping system and all sizes and velocities that are not part of this job.

1.
Follow University's drinking water guidelines for flushing, disinfecting and bacteria testing.  Submit procedures to University and obtain approval prior to commencing work. 

2.
After completion of all work in each section of the various water piping systems, and prior to testing, flush all piping to remove foreign material and to thoroughly clean the system.  Flushing shall be continued until the water leaving the system is clear and acceptable to the University, but in no case shall the flushing be performed for less than 10 minutes.

3.
Ensure that adequate quantities of water are available to produce a flushing velocity of not less than 2.5 fps (0.8 m/s).

4.
Use DW for flushing DW piping.  Use DIW or DW for flushing DIW piping.  Use LCW for flushing LCW piping with the supervision of the University's representative.  Use CW to flush CW, CW/F, and all other piping systems.

B.
Gaseous Piping Systems:

Gaseous piping systems included in this subpart are CA, natural gas, house vacuum, argon gas, helium gas, nitrogen gas, acetylene gas, oxygen gas, ammonia gas, propane gas, butane gas, methane gas, carbon dioxide gas, and refrigerant piping systems.  Edit to provide only the specific information needed for the project.

1.
After completion of all work in each section of the piping system, but prior to testing, blow the piping clean with oil-free compressed air or nitrogen to the satisfaction of the University.

Select paragraph below for particularly critical installations or as clients demand.

2.
Perform an inert gas purge with sample analysis using gas chromotography to ensure no unacceptable level of contaminants exist inside the piping system.

3.
Oxygen Piping:

a.
Give special consideration for oxygen piping.  Before installation, thoroughly clean all piping, valves, fittings, and other components of oil, grease, and other readily oxidizable materials by washing in a hot alkaline cleaner-water solution, such as sodium carbonate or trisodium phosphate (proportion of 1 lb/3 gal or 1 kg/25 L water).  Scrub where necessary to ensure complete cleaning.  After washing, thoroughly rinse the materials in clean, hot water, and hot-air dry prior to capping or protective plugging.  After cleaning, exercise particular care in storing and handling such materials.

b.
Temporarily cap or plug the cleaned components to prevent recontamination before final assembly.

c.
Just prior to final assembly, examine each component internally for contamination, and reclean if necessary.

1)
Deliver piping, valves, fittings, and other components that have been especially prepared and cleaned in accordance with the provisions of CGA G-4.1 and capped or plugged.  Reinspect prior to final assembly, and reclean if necessary.

2)
During assembly do not use any oils or lubricants that are incompatible with oxygen.  If recontamination during piping assembly is suspected, reclean the entire piping system.  If required by the University, perform an inert-gas purge with sample analysis using gas chromotography.

3.02
PRESSURE TESTING PIPING SYSTEMS

A.
General:

1.
Prior to acceptance and initial operation, inspect and test the piping systems to ensure that the design, materials, fabrication, and installation are in accordance with these specifications.

2.
Test piping prior to being enclosed, covered-up, or treated externally with insulation, tape wrapping, mastic coating, and like treatments. 

3.
Notify the University at least 48 hours prior to testing, and conduct tests in the presence of a University Representative.

4.
Piping systems shall show no pressure loss, unless noted otherwise, while being tested in accordance with this section of these specifications.  When leakage or other defects are located, repair or replace the affected portion of the piping system and retest.  In the event repairs, replacement, or additions are made following the pressure test, retest the affected piping.  In the case of very minor repairs, replacement, or additions, the University may, solely at its discretion, omit retesting provided precautionary measures are taken to assure sound construction.

B.
General Test Procedures:

1.
All valves shall be in full-open position during the test.  Do not include any components (gauges, relief valves, instrumentation, and like items) as part of the tests that are not rated for the testing pressure.

2.
Do not attempt to modify a piping system when it is pressurized, including tightening leaking joints.  Do not repair, replace, or retighten leaking joints or components until the pressure has been reduced to ambient level.

3.
Measure test pressure with a manometer or with a pressure-measuring device designed and calibrated to read, record, or indicate the maximum test pressure.  Record any pressure loss due to leakage during the pressure test period while the system is pressurized but isolated from the pressure source.

4.
In general, test nonhazardous liquid, inert gas, and compressed air system at a minimum of 125% of their MAWP, and test toxic, oxygen, radioactive, and flammable fluid systems at a minimum of 150% of their MAWP using an inert fluid.  The test pressure for each piping system shall be not less than the following values, irrespective of the design MAWP:


TEST SYSTEM
TEST PRESSURE (GAUGE)
TEST 
MEDIA
TEST DURATION

CW
225 psi (1 550 kPa) gauge
CW
24 hours

LCW
225 psi (1 550 kPa) gauge
CW
24 hours

DW
150 psi (1 035 kPa) gauge
CW
24 hours

CA
165 psi (1 140 kPa) gauge
CA
4 hours


TEST SYSTEM
TEST PRESSURE (GAUGE)
TEST 
MEDIA
TEST DURATION

Natural Gas
165 psi (1 140 kPa) gauge
CA
see 3.03

Steam
150 psi (1 035 kPa) gauge
CW
4 hours

Condensate (Steam)
150 psi (1 035 kPa) gauge
CW
4 hours

Vacuum (house)
150 psi (1 035 kPa) gauge
CA
4 hours

Chilled Water
150 psi (1 035 kPa) gauge
Water
24 hours

Heating Hot Water
150 psi (1 035 kPa) gauge
Water
24 hours

Argon Gas
150 psi (1 035 kPa) gauge
Nitrogen*
4 hours

Helium Gas
150 psi (1 035 kPa) gauge
Oil-Free CA*
4 hours

Nitrogen Gas
150 psi (1 035 kPa) gauge
Oil-Free CA*
4 hours

Acetylene Gas
150 psi (1 035 kPa) gauge
Oil-Free CA*
4 hours

Hydrogen Gas
150 psi (1 035 kPa) gauge
Oil-Free CA*
4 hours

Oxygen Gas
150 psi (1 035 kPa) gauge
Oil-Free CA*
4 hours

Ammonia Gas
150 psi (1 035 kPa) gauge
Oil-Free CA*
4 hours

Propane Gas
125 psi (865 kPa) gauge
Oil-Free CA*
see 3.03

Butane Gas
125 psi (865 kPa) gauge
Oil-Free CA*
see 3.03

Methane Gas
100 psi (690 kPa) gauge
Oil-Free CA*
see 3.03

Carbon Dioxide
100 psi (690 kPa) gauge
Oil-Free CA*
4 hours

Depending on the size and importance of the piping systems, it may be better to use helium.  Nitrogen gas from standard cylinders may be used in lieu of oil-free CA.

5.
Prepare test records of inspection and all tests performed.  Indicate which portions of the piping system are in accordance these specifications.  Briefly document test procedures, instruments and media used, and test pressures.  Before requesting final approval of a piping installation, submit copies of test records for University approval.

3.03
SPECIAL REQUIREMENTS

A.
Special Procedures for Gas Piping:

1.
Test duration shall be not less than 4 hours or one-half hour for each 500 cu ft (14 m3) of pipe volume or fraction thereof, whichever is greater.  When testing a system having a volume less than 10 cu ft (0.3 m3), the test duration may be reduced to 15 minutes.  For piping systems having a volume of more than 24,000 cu ft (680 m3), the duration of the test need not exceed 24 hours.

2.
The piping system shall withstand the test pressure specified without showing any evidence of leakage or other defect.  Any reduction of test pressures as indicated by pressure gauges shall be deemed to indicate the presence of a leak unless such reduction can be readily attributed to some other cause.

3.
Locate the leakage  using a University-approved combustible gas detector, soap and water, or an equivalent nonflammable solution as applicable.  Do not use open flames or other methods which could provide a source of ignition.

4.
After completion of the pressure test and before turning gas under pressure into new systems, check to ensure that all openings from which gas can escape are closed.

For systems with receivers, large-size pipe, or other sizable equipment, the explosion hazard from air mixtures will probably be sufficient to require inert-gas purging before admitting fuel gas.  Insert the following paragraph as needed.

5.
Purge the inert gas with fuel gas in accordance with NFPA 54, section 4.3 before placing the pipeline in service.

B.
Special Procedures for Building Drainage and Vent Piping:

1.
Water test the building drainage and vent piping system either in its entirety or in sections.

2.
If the water test is applied to the entire system, tightly close all openings (except the highest opening) in the system to the end of the building sewer at its points of connection with the site sewage system, and fill the piping system with water.

3.
If the system is tested in sections, test every section with a minimum pressure of 10 ft-water-column (30 kPa).  In testing successive sections, test at least the upper 10 feet (3 m) of the next preceding section so that no joints or pipe in the building except the uppermost 10 feet (3 m) of the system are submitted to a test pressure of less than 10 ft-water-column (30 kPa).  Keep the water in the system, or portion under test, for at least 24 hours before starting inspection.  The system shall be watertight at all points.

C.
Special Procedures for Building Domestic Hot and Cold Water Supply Piping:  Upon completion of a section or of the entire system, water test the section or system and prove tight under a pressure not less than 125% of its MAWP or 125 psi (1 550 kPa) gauge, whichever is greater, for a period of 24 hours.

D.
Special Procedures for Refrigerant Piping:

1.
Test the refrigerant piping system for 24 hours at 300 psi (2 070 kPa) gauge for the high side and 150 psi (1 035 kPa) gauge for the low side.

2.
Do not use oxygen or acetylene to test refrigerant piping; use nitrogen only.

E.
Special Procedures for Hydrogen Piping:  After the preliminary testing listed in paragraph 3.02.B.4, conduct final testing on the hydrogen piping system using helium gas.

3.04
DISINFECTING CW/HW PIPING SYSTEM

A.
General:  Clean and disinfect all domestic cold water and domestic hot water systems in accordance with AWWA C602 when the project is complete and when, by test, the system is proven to be free from leaks and ready for use.

B.
Preparation:

1.
Provide a test connection for the system to be disinfected within 2-3 feet (0.6-0.9 m) of its junction with the water supply lines, for injecting the disinfectant into the system.

2.
Prepare the water-flow valves for sterilization.

3.
Thoroughly flush the system by fully opening every outlet and operating every fixture until clear water flows from all of them.

C.
Disinfecting Agent:  The University will supply the disinfecting agent and the injecting apparatus, will inject the disinfecting agent into the system, and operate the valves at no cost to the Subcontractor.

D.
Disinfecting Procedure:

1.
Connect the injection hose to the test connection.

2.
With the system completely full of water and the supply valve open, proceed to adjust every valve of the system so that a trickle of water flows from each.

3.
The University will inject the disinfectant slowly, at a uniform rate, until an orthotolidine test at each outlet shows a minimum chlorine residual concentration of 100 parts per million (ppm).

4.
Close all outlets and valves, including the valve connecting to the water-supply line and the 3/4-inch (19-mm) service cock on the solution-injection connection.

5.
Maintain the condition for 24 hours.  If after 24 hours, orthotolidine tests indicate that the chlorine residual concentration has decreased below 50 ppm, repeat the disinfecting procedure until an approved result is obtained.

6.
When the above procedure has been completed, flush the system with fresh water until an orthotolidine test at any outlet shows a residual chlorine concentration of less than 150% of the residual chlorine concentration in the water used for flushing.

7.
The University will issue final approval of the disinfecting after satisfactory completion of the above procedure.  Bacteriological analysis of the water after disinfecting is not required.

3.05
PLACING IN OPERATION

After approval of tests and flushing and cleaning operations, place the systems in operation.

END OF SECTION
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