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Lesson Learned Bulletin
Pressurized System Component Installation

In 2015, an incident occurred during a high pressure test of a pressure relief valve (PRV). The PRV contacted the employee in the back of the head after ricocheting off of the ceiling resulting in a laceration.  The injury could have been much more severe.  The PRV was not threaded properly and when brought up to pressure the valve exited the test apparatus, ricocheted off of the ceiling and hit the operator in the back of the head.  This bulletin highlights ways to assure that proper threading of pressure fittings occurs during installing for a pressurized system.  

Factors that lead to the event:
1. Employee understood the value of the PRV to the project.  He also understood that the stainless steel on stainless steel fitting interface of his test apparatus and PRV had a chance to gall.  The employee’s attention to the chance of galling may have led to an inadequate amount of thread engagement when tightening the fitting. 
2. The employee utilized the blow down tube (approximately 3 inch lever arm) to tighten the fitting onto the test apparatus.  This was the method he used to tighten the day before on the same PRV.  Previous success in this method influenced the continued use of the method.  

Proper thread engagement and low pressure leak checking will prevent a similar failure in the future. Ways to ensure proper thread engagement: 

1. Proper fittings for the job – components of a pressurized system must be properly rated for the service conditions in which they will be utilized – this includes pressure, temperature, and fluid compatibility.  Check the component for markings that indicate the service rating of the component.  If the component is not marked, check with the manufacturer for the component’s service rating or consult the engineer responsible for the system.  If you are unsure of the service rating of the component, do not use it for the system and obtain a component with a known service rating.  Figure 1 shows a cast brass fitting that is common at Fermilab and available in the Fermilab stockroom.  Note that although these fittings often feel quite substantial they are typically rated for only 125 psig.  

2. Thread engagement – proper thread engagement is essential to having a leak tight and safe pressurized system.  An excerpt of a table from ASME B1.20.1 describes proper thread engagement for different sized pipe thread fittings (Table 1).  Figures 2, 3 and 4 exhibit how to count threads to ensure full engagement.  
a. Use a brush to remove all previously applied tape or sealing compound.
b. Count threads prior to assembly.
c. Apply PTFE tape or other thread sealant appropriate for the fluid service.  Two to three layers of PTFE tape is typical but the amount necessary can vary due to the thickness of the tape.  Wrap the tape in the direction of the thread spiral of the male pipe thread beginning with the 1st thread.  Tape should never overhang the first thread as it may shred and get into the piping.
d. Hand-tighten the assembly.  Tighten one fitting at a time.  Do not tighten multiple fittings simultaneously. 
e. Wrench-tighten the assembly using the leverage provided by an appropriate sized wrench.  The wrench should be able to apply the correct amount of torque to achieve the required thread engagement according to Table 1.    
f. Determine how many threads were obscured by the mating fitting.  If the number of threads is less than the minimum or more than the maximum shown in Table 1, proper thread engagement is not achieved and the fitting or fittings must not be used.  Note that counting turns is NOT a method compatible with Table 1 and should not be used.      
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3. Leak check at a low pressure – once the fitting has been properly threaded or secured, conduct a low pressure leak check.  Leak check fittings and joints with SNOOP Liquid Leak Detector (other leak detection methods may be utilized if designated by the system engineer).  If a leak is found, fully depressurize the system, investigate the cause and attempt to fix the leak.  Repeat the low pressure leak check. 

4. Use the correct tool to tighten or torque the component. Do not use any portion of the component that provides leverage to apply the final torque.  Use the appropriate tool for the job to apply the final torque of the fitting or component. For a pipe thread fitting this is a standard size wrench.  For fittings that require a prescribed torque value, ensure proper torque is applied with a torque wrench or according to manufacturer specifications.  
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Table 1 – Excerpt from ASME B1.20.1-2013 highlighting the minimum and maximum number of engaged threads for common pipe sizes.  
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Figure 1:  Typical cast brass fitting which is rated for 125 psig.  
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Figure 2:  Proper and improper thread engagement.  

Right pipe joint has full thread engagement.  

Left pipe joint has inadequate thread engagement.  The inadequate thread engagement is due to a thread type mismatch where a straight male thread is inserted into a tapered female thread.  The assembly might feel tight to the assembler but the inadequate thread engagement indicates that the joint is improper and unsafe.   

An assembly that feels tight but has inadequate thread engagement could also occur due to damaged threads.  

An assembly that is not tight until more than maximum number of threads listed in Table 1 are engaged is also an improper joint and indicates worn fittings that must be discarded.      

[image: ]Figure 3 and 4:  Thread engagement examples.    
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Start counting threads at the end of the male part prior to assembly.  This ½” pipe nipple has 9 threads.    


[image: ]Teflon tape was not applied to this example for visual clarity.  
After hand tightening the ½” pipe nipple into a female bushing 4 threads remain outside of the female bushing.  Thus 9 – 4 = 5 threads engaged by hand tightening.  Table 1 states that the minimum number of engaged threads for ½” pipe is 4.5 threads.  Thus after hand tightening this assembly has achieved proper thread engagement.  Wrench tightening beyond this point is still required to produce the seal and to prevent loosening of the joint.    

Note that counting turns is NOT compatible with the numbers listed in Table 1 and this method should not be used.            
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Nominal	
   Minimum	
   Minimum	
   Maximum
Pipe	
  Size Engagement	
  Length Number	
  of	
   Number	
  of	
  
Inches Inches Engaged	
  Threads* Engaged	
  Threads**
1/16 0.16 4.3 7.3
1/8 0.16 4.4 7.4
1/4 0.23 4.1 7.1
3/8 0.24 4.3 7.3
1/2 0.32 4.5 7.5
3/4 0.34 4.8 7.8
1 0.40 4.6 7.6



1-­‐1/4 0.42 4.8 7.8
1-­‐1/2 0.42 4.8 7.8
2 0.44 5.0 8.0



2-­‐1/2 0.68 5.5 7.5
3 0.77 6.1 8.1



3-­‐1/2 0.82 6.6 8.6
4 0.84 6.8 8.8
5 0.94 7.5 9.5
6 0.96 7.7 9.7
8 1.06 8.5 10.5
10 1.21 9.7 11.7
12 1.36 10.9 12.9



*The	
  pipe	
  thread	
  fitting	
  must	
  be	
  tightened	
  beyond	
  the	
  minimum	
  number
	
  of	
  engaged	
  threads



**If	
  the	
  pipe	
  thread	
  fitting	
  is	
  tightened	
  beyond	
  the	
  maximum	
  number	
  of	
  
engaged	
  threads	
  it	
  may	
  be	
  worn	
  and	
  must	
  be	
  discarded.










Nominal	 Minimum	 Minimum	 Maximum

Pipe	Size Engagement	Length Number	of	 Number	of	

Inches Inches Engaged	Threads*Engaged	Threads**

1/16 0.16 4.3 7.3

1/8 0.16 4.4 7.4

1/4 0.23 4.1 7.1

3/8 0.24 4.3 7.3

1/2 0.32 4.5 7.5

3/4 0.34 4.8 7.8

1 0.40 4.6 7.6

1-1/4 0.42 4.8 7.8

1-1/2 0.42 4.8 7.8

2 0.44 5.0 8.0

2-1/2 0.68 5.5 7.5

3 0.77 6.1 8.1

3-1/2 0.82 6.6 8.6

4 0.84 6.8 8.8

5 0.94 7.5 9.5

6 0.96 7.7 9.7

8 1.06 8.5 10.5

10 1.21 9.7 11.7

12 1.36 10.9 12.9

*The	pipe	thread	fitting	must	be	tightened	beyond	the	minimum	number

	of	engaged	threads

**If	the	pipe	thread	fitting	is	tightened	beyond	the	maximum	number	of	

engaged	threads	it	may	be	worn	and	must	be	discarded.
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