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In Salah Gas Flare Header Rupture





ISO 23251/API RP521

• No specific guidance on velocity limitations 
other than in backpressure calculations

• No guidance on acoustic fatigue or 
vibration induced fatigue

• Do we need more guidance and if so 
what?



NORSOK
• P-001 Process Systems, Rev. 4, October 1999
• “In general, all flare lines shall be designed to 

keep the ρV2 < 200 000 kg/m-s2 criteria”
• “Where the ρV2 criteria will not be met, additional 

calculations will be required to document that 
the selected pipe size is still acceptable. This 
involves evaluating piping stress levels, 
supporting, noise etc.”

• “Selection of piping specification must consider 
the effect of acoustic fatigue”



Harris Shock and Vibration Handbook, Chapter 29
VIBRATION OF STRUCTURES INDUCED BY FLUID 

FLOW by R. D. Blevins

• Oscillatory flow (reciprocating pumps, flow through 
valves and obstructions) in pipes can cause vibration

• If  pressure and velocity in the pipe oscillate, then fluid 
force on the bend will oscillate, causing pipe vibration

• Problem most prevalent in unsupported pipe bends 
adjacent to pumps and valves.

• Two solutions: 
– (1) support pipe bends and changes in area so that fluid forces 

are reacted to ground and 
– (2) reduce fluid oscillations in pipe by avoiding large pressure

drops through valves and installation of oscillation-absorbing 
devices on pump inlet and discharge.



MTD 99/100
• “Guidelines for Avoidance of Vibration Induced Fatigue 

in Process Pipework” ISBN 1 870553 37 3, 1999.
• Use of thinner wall pipe (flexible) causes higher stress 

concentrations at small bore connections
• Higher velocities causing greater turbulence
• Guidelines are for “steady state” plant operation
• Piping excitation mechanisms:

– High frequency acoustic excitation
– Flow induced turbulence @ low frequency (< 100 Hz)
– Mechanical (reciprocating compressors loads)
– Pulsation (fluid flow from recip. compressors)

• Guidance to determine “Likelihood Of Failure” (LOF) and 
design solutions



MTD 99/100 (Example Flowchart)



CONCAWE 85/52
• Acoustic Fatigue of Pipes - Carruci & Mueller (ASME) 
• Very rapid failure (seconds)
• Large diameter piping (>10”), asymmetric piping, 

small bore connections downstream of choke points
• Determine sound pressure level at choke point:



Sound < 
157 dB
appears 
okay



In Salah Gas Incident
Line failed due to turbulence induced fatigue (not acoustic) 
@ header tie-in – need to perform proper piping analysis 
and provide adequate supports!
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Turbulence Induced Vibration Failure
• In Salah Gas Incident
• Longer time to occur than acoustic vibration 

failure (minutes or hours)
• Visible motion of piping often observed
• Consider when velocities >0.5 to 0.8 Mach
• Potential failure with low frequency vibration 

(1-15 Hz) where high stress (e.g. > 3000 lbf)
• No weldolets
• Mitigate by bracing, wrapping pipe, thicker 

wall pipe,…



Path Forward

• Propose to add guidance on acoustic and 
turbulence induced fatigue potential of 
relief system and blowdown piping 
systems

• Guidance based on references provided, 
any others?

• What do other companies do?
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