SECTION 15073PRIVATE 

PRESSURE/LEAK TESTING

PART 1 GENERAL 

1.01
SECTION INCLUDES:  Pressure/leak testing of piping systems.

1.02
REFERENCES 

A.
ANSI B31.3‑93, Chemical Plant and Petroleum Refinery Piping.

B.
Standard Plumbing Code, Southern Building Code Congress International Incorporated (1994).  

1.03

seq level1 \h \r0 
DEFINITIONS

A.
Dry Oil‑free Compressed Air (DCA):  compressed air, oil free, with ‑40( to ‑75(F dew point at atmospheric pressure.

1.04

seq level1 \h \r0 
SUBMITTALS FOR APPROVAL

A.
Test records for each piping system prepared during pressure/leak testing, indicating date of test, identification of piping system tested, test media, test pressure, and certification of results.

1.05

seq level1 \h \r0 
QUALITY ASSURANCE

A.
Prepare test records for each system during pressure/leak testing, including date of test, identification of piping system tested, test media, test pressure, and certification of results.  Individual test records need not be retained if certification that piping has satisfactorily passed pressure/leak testing is retained.

1.06

seq level1 \h \r0 
SEQUENCING

A.
Perform testing after completion of installation.

[Designer Note: For HDPE pipe, the pressure test is done with the pipe on the spool before installation (if the pipe has not been shipped under air pressure), after placement of the U-bend in the ground, and after the header connections have been completed.]

B.
Perform hydrostatic testing of potable water systems before cleaning and disinfection.

ADVANCE \U 6.0PART 2 PRODUCTS

2.01seq level1 \h \r0 
TEST EQUIPMENT

A.
Calibration Date:  maximum 12 months prior to test. 

B.
Use test equipment with label indicating serial number, calibration date, name of firm or laboratory performing calibration. 

C.
CM representative will examine test equipment prior to test.  CM representative may require that test equipment be submitted to CM for calibration check.  Test equipment failing calibration check must be submitted to an approved testing laboratory for proper calibration prior to use.

PART 3 EXECUTION

3.01seq level1 \h \r0 
EXAMINATION

A.
Examine system installation for compliance with drawings and specifications.

B.
Ensure pressure‑relief valves have been inspected and set at required pressure by CM.

C.
Ensure that rupture discs have been properly installed.

D.
Examine system for leaks at valves, flanges, welds, connections, and joints.

E.
Examine piping system for defective, broken, or cracked piping and fittings.

3.02seq level1 \h \r0 
PREPARATION

A.
Isolate or replace with spool pieces vessels, pumps, instruments, controls, safety valves, relief valves, and other equipment items rated for pressures below test pressure.

B.
Provide temporary over pressurization protection devices between pressure source and test equipment.  

1.
For Class A - Pneumatic Test, set temporary over pressurization protection devices at test pressure plus lesser of 50 psi or 10% of test pressure.  

2.
For Class B - Hydrostatic Test, set temporary over pressurization protection devices at 130% of test pressure.  

C.seq level2 \h \r0 
Disconnect or isolate by blinds or other means equipment that is not to be tested.  Valves may be used provided valves are rated for test pressures.  

D.
Maintain joints, including welds and bonds, uninsulated and exposed for examination during testing.  Joints previously tested may be insulated or covered.

E.
Provide additional temporary supports as necessary to support test media [when weight of test media exceeds weight of design system fluid].

F.
Clear test area of personnel not involved with pneumatic testing.

3.03seq level1 \h \r0 
REPAIR/RESTORATION

A.
Repair leaks and retest repaired joints until test requirements have been satisfied.

3.04seq level1 \h \r0 
CLASS A ‑ PNEUMATIC TEST 

A.
Test Pressure

1.
For piping 6 in. and smaller, use test pressure that is 110% of design pressure or 50 psig, whichever is greater.  

2.
For piping 8 in. and larger with design pressures of 45 psig and less, use test pressure that is 110% of design pressure but in no case greater than 50 psig.  

3.
For piping 8 in. and larger with design pressures greater than 45 psig, hydrostatically test piping per Class B test procedures. 

B.seq level2 \h \r0 
Preliminary Leak Test Procedure 

[Designer Note:  ANSI B31.3, para. 345.1(b) allows for the substitution of a combined hydrostatic‑pneumatic test when the hazard of energy stored in compressed gas makes a pneumatic test impracticable.  The Hydrostatic‑Pneumatic Leak Test is described in ANSI B31.3, para. 345.6.]

1.
Gradually pressurize piping system to 25 psig.

2.
Maintain 25‑psig pressure for a minimum of 10 min.

3.
Visually examine valves, flanges, welds, joints, and connections for major leaks.

C.seq level2 \h \r0 
Final Leak Test Procedure (test pressures of 50 psig and less)

1.
Gradually pressurize piping system to test pressure.

2.
Maintain test pressure for a minimum of 10 min.

3.
Soap test welds, joints, and connections while system is at test pressure.

4.
Depressurize system.

D.seq level2 \h \r0 
Final Leak Test Procedure (test pressures exceeding 50 psig)  

1.
Gradually pressurize system to 50% of test pressure.

2.
Increase pressure in steps of 10% of test pressure until test pressure is reached.

3.
Maintain test pressure for a minimum of 30 min. [Designer Note: Direct sunlight and temperature will cause pressure to fluctuate during a pressure test. There can be  some stretch in certain piping materials which will allow the pressure to drop.  For these materials, it is best to pressure up to the desired test pressure, allow a 30 minute period for equalization to occur, bleed the pressure down, and pressure up again to the test pressure to start the 30 min test time.] 

4.
Reduce pressure to design pressure.

5.
Soap test welds, joints, and connections while system is at design pressure.

6.
Depressurize system.

E.seq level2 \h \r0 
Reconnect instruments and equipment and retest connections at maximum operating pressure.

F.
Acceptance Criteria:  No continuous bubble formation is allowed. 

[Designer Note:  CM normally supplies dedicated and controlled equipment for testing potable water systems.]

3.05seq level1 \h \r0 
CLASS B ‑ HYDROSTATIC TEST 

[Designer Note:  Water is the preferred test medium for polyethylene pipe.  After all air is removed from the test section, raise the pressure at a steady rate to the required pressure.  The pipe should be covered at intervals, particularly at curves to hold it in place during pressure tests.  Test pressure should not exceed 1.5 times the rated operating pressure of the pipe.  The pipe should be raised to the test pressure and allowed to stand for a sufficient time to allow expansion of the pipe (2-3 hours).  After equilibrium is established, the test section is pressurized to 1.5 times the operating pressure, and the final test held for the specified time (1, 2, or 3 hours).  Polyethylene holds pressure by developing stress in its walls.  This process continues though out the test period, and the pipe increases slightly in diameter.  Pressure drop will occur due to continued expansion of the pipe.  A drop in pressure is common and does not prove with certainty that a leak or failure is present.  Polyethylene pipe is tested by measuring the “make up” water required to return the section to test pressure.  Allowable amounts of make up water for expansion during the pressure test are shown in Table 16 from Plastic Pipe Institute (PPI) Technical Report 31.  Also see the special test in 3.11 below.]

A.
Special Requirements for Water Systems

1.
Test systems conveying potable water with dedicated and controlled test equipment that is used only on systems conveying potable water.

2.
Equipment includes pumps, pressure gages, hoses, pipes, caps, and other test equipment that contacts potable water.

B.seq level2 \h \r0 
Test Pressure:  150% of design pressure or 100 psig, whichever is greater.

[Designer Note: For systems with design temperatures greater than test temperatures, refer to ANSI B31.3, para. 345.4.2(b) for test pressure correction.]

C.
Test Procedure

[Designer Note: ANSI B31.3, para. 345.2.1(c) allows for a preliminary pneumatic test using air at a maximum pressure of 25 psig prior to hydrostatic testing to locate major leaks.]

1.
Pressurize system to test pressure.

2.
Maintain test pressure for minimum 30 min. [Designer Note: Direct sunlight and temperature will cause pressure to fluctuate during a pressure test. There can be  some stretch in certain piping materials which will allow the pressure to drop.  For these materials, it is best to pressure up to the desired test pressure, allow a 30 minute period for equalization to occur, bleed the pressure down, and pressure up again to the test pressure to start the 30 min test time.]    

3.
Examine valves, flanges, welds, joints, and connections for leaks.

4.
Drain test media from system.

5.
Reconnect instruments and equipment.

6.
Refill system with test media, pressurize to maximum operating pressure, and examine valves, flanges, welds, joints, and connections for leaks.

D.seq level2 \h \r0 
Acceptance Criteria:  No leakage is permitted at welds, brazed joints, soldered joints, compression fittings, or threaded joints.  No leakage is acceptable at valves and gaskets unless specified otherwise.  

E.
Test Media:   Table 1 lists test media for Class B tests.

Table 1

Section
Service
Test Media

15101
Steam and Condensate 0‑150 psig
Potable Water

15106
Chilled Water, Cooling Water, Process Water and Heat Pump Water
Potable Water





3.06seq level1 \h \r0 
CLASS C ‑ WATER TEST (DRAIN)

A.seq level2 \h \r0 
Building Drain and Vent Systems  

1.
Test per Standard Plumbing Code. 

2.
Perform either smoke or peppermint final test.

B.seq level2 \h \r0 
Building Sewer:  Test per Standard Plumbing Code.

C.
Test Media:   Table 2 lists test media for Class C tests.

Table 2

Section
Service
Test Medium

x
Drains (as applicable)
Potable Water





3.07seq level1 \h \r0 
CLASS D ‑ VACUUM TEST

A.
Class D tests will be performed by CM.

3.08seq level1 \h \r0 
CLASS E ‑ SPECIAL TESTS

A.
Class E tests are special tests required by codes or as described in specifications or on drawings.

B.
See section for test pressure, test media, and test procedure.

C.
Systems Governed:   Table 3 lists services subject to special tests.

Table 3

Section
Service

15125
Fluorinated Hydrocarbon Refrigerant




3.09seq level1 \h \r0 
DEMONSTRATION

A.
Perform tests in presence of CM representative.  

B.
Provide CM with the option of witnessing tests.

3.10
TEST PRESSURE TOLERANCE

A.
Use test pressure tolerance of +5 psig and ‑0 psig.

[Designer Note:  The following special test procedure can be applied to High Density Polyethylene Pipe (HDPE).  It may be applied to the construction specifications or deleted and refer to manufacturer’s test requirements.]

3.11
HIGH DENSITY POLYETHYLENE PIPING TESTING 
A.
Preliminary Work: Thoroughly clean pipe and tubing prior to installation. During installation, prevent foreign matter from entering systems.  Prevent if possible or remove obstructions from piping and systems.

B.
Flushing, Purging, Pressure and Flow Testing:

1.
All fusion joints and loops lengths shall be checked to verify that no leaks have occurred in shipping or in fusion joining.

2.
All loops will be pressure tested before installation, and all horizontal components of the ground heat exchanger will be pressure tested prior to back-filling.

3.
Heat exchangers will be tested in accordance with the HDPE Quick Test II.    Do not test until every joint has set and cooled at least 8 hours.  Record trench temperature at start and finish of pressure test.  Use test gage with one psi increment and readable to ½ psi.

4.
Cleaning: Flush systems and apparatus, upon completion of pressure and miscellaneous tests.  Completely open valves and flush each system with clean water, prior to chemical cleaning.  Repeatedly flush at short intervals until twice the system water capacity has been flush through.  Chemically clean systems immediately following flushing operations.  Circulate a solution consisting of trisodium phosphate, in a proportion of one pound of chemical to every 50 gallons of water in the system.  Completely fill system with cleaning solution; vent system and place in operation, with automatic controls operating and valves fully open.  Allow system to reach design operating temperature.  Circulate the solution through the system for a minimum of 4 consecutive hours.  Keep strainers unplugged during cleaning operations.  Remove and clean strainer screens prior to operational test.  Refill system with clean water.

5.
Flow rates and pressure drops will be compared to calculated values to assure that there is not blockage or kinking of any pipe.

6.
A minimum velocity of 2 ft./sec in each piping section must be maintained for a minimum of 15 minutes to remove all air.  A change of more than one inch in the level of fluid in the purge pump tank during pressurization indicates air still trapped in the system.

C.
HDPE Quick Test II.

HDPE Quick test II    

 [Designer Note: This test method is a relatively quick test whereby the recoverable diametrical strain in the HDPE pipe is sustained by maintaining a constant test pressure for 45 minutes duration.  The control valve is opened and the pressure decreased to a nominal psi value before re-closing the valve.  The subsequent “recovery” of pressure in the pipeline indicates a sound pipeline.  Slow loss of pressure at the reduced value is indicative of a possible leak.  This simple “PASS/FAIL” test is very appropriate for short lengths of small diameter pipeline where there is NO residual air in the test section.  The test pressure should nominally be 1.5 times the pipe’s 50 years Water Rated Working Pressure (i.e. 1.5 x WRWP) adjusted for the ambient temperature of the test section per Table 1.] 

Table 1.  Target Test Pressure 

Temperature

(oF)
SDR -    II    Pipe Pressure Rating (psi)
1.5 X Design (psi)
20 ft. Down to Static Water Level
40 ft. Down to Static Water Level
50 ft Down to Static Water Level
100 ft Down to Static Water Level

73.4
160
240
230
221
216
192

80
150
225
216
207
203
180

90
140
210
207
193
189
168

100
125
188
180
173
169
150

Step 1:
The pipe line pressure is uniformly raised to the target test-pressure value obtained from Table 1 in a time frame of 5-10 minutes (as previously discussed).  This hydrostatic pressure is maintained by intermittently pumping water into the test section. The target test pressure is then held for 45 minutes.  During this time the pipeline and valves and components should be examined for obvious leaks. 

Step 2:
At time “zero”, the pipeline pressure is then lowered by rapidly bleeding water from the system to a nominal pressure of approximately 30 psi to 40 psi at the test gauge.  Quickly close the control/bleed valve to again isolate the test section.  

Step 3:
Manually record and plot the pressure gauge reading at the following time intervals (or use a continuous pressure vs. time plotter/recorder):

No. of Readings
Time Interval
Elapsed Time Sequence

5 Readings
@ 2 minutes each
0-10 minutes

5 Readings
@ 4 minutes each
11-30 minutes

6 Readings
@ 10 minutes each
31-90 minutes

The pressure should rise from time “zero” due to the visco-elastic strain recovery of the HDPE and the absence of leaks. 

Step 4:
Compare the resulting graph, plot, or chart to the characteristic  time-pressure profile shown below.  The test result should be similar to this indicating a “pass” or “fail” pressure test.  If a failure occurs, the problem should be rectified or corrected.  Then, repeat the HDPE Quick Test II after a 24-hour recuperation period following the last pressure test.  Repeat this test until at “passing” pressure test is achieved.  

[Designer Note:  The degree to which the diametral strain recovery in the material affects the pressure/time graph will be affected by:



(
The length of test section



(
The diameter of the test pipe



(
The presence of entrapped air



(
The ambient temperature



(
The efficiency of the compacted embedment envelope

With a 1 ½ hour period, a good indication of pipeline integrity will be demonstrated by this test method.  The total test time is (10 min. fill + 45 min. stretch + 90 min data) 145 minutes or about 2 ½ hours total.  Upon proper completion of the test, the pressure should be reduced to zero or drained depending upon the pipeline usage, application, design, or project engineer’s discretion.  All data should be logged on a worksheet that is similar to the sample shown in Figure 2.]  
D. Balancing: Balance pipe loop flow to quantities indicated on drawings.
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Figure 1.  Typical HDPE Test Pressure vs. Time Plot

Job Title



Contractor/Driller/Loop Installer


Test Performer:        Date

Initials:

Date:
HDPE Design Pressure Rating: _________psig x 1.5 – Hydrostatic Water Pressure _______psig = HDPE Test II Pressure _____psig

HDPE Pipe Type:                                                Working Pressure is________psig

Header System:

Header Description:
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Date:


Test Type
Time
Pressure
Time
Pressure
Time
Pressure
Time
Pressure
Time
Pressure
Time
Pressure

45 Minute
Start

End













Reduced Pressure













2 Minute
Sample 1














Sample 2














Sample 3














Sample 4














Sample 5













4 Minute
Sample 1














Sample 2














Sample 3














Sample 4














Sample 5













10 Minute
Sample 1














Sample 2














Sample 3














Sample 4














Sample 5




























Figure 2.  Sample HDPE Test II Worksheet
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