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In Salah Gas Flare Header Rupture







1ISO 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 pV2 < 200 000 kg/m-s? criteria”

“Where the pV? 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
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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:

3 3.6 1.2
=10 1 Wy (&P T + 45
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where : W = flow rate of the gas, lbs/hr
A P =P - P1 = pressure dTrop, pei
Pl = ypstredm pressure, psia
P2 = downstream pressure, psia .
T = temperature of flowing gas, R

molecular weight of flowing gas



SOUND POWER LEVEL, PWL (dB e 1012 wan)

CARBOM STEEL PIPE
DIAMETER, D (M.}

180

10 15 20 25 0 J5
i ] 1 T i
A G
{i"? : .
<
“"RECOMMEMNDED

DESIGN LmMIT

e 10
e 18 -d .77
180 i .17 —
1]‘
o] e -3
Jo 20e
= "1z —
11
sl ¢ 1 | i ! ] i
300 . 400 500 800 00 | o] ]
DIAMETER, D [rwm)
Motss: (1] Legend & Acoustcally induced Fallures (Dets From Tebls k]

-mm.hmiﬂm{mFmTﬁil
® Mo Abmormel Experience (Dses From Table 2)
2} Polat t Falure Artribumd To Severs Weld Undercutting At A Small Conrecion
Ma Al ol Extpari Adter Cuality Weids Achiswsd.
(3} ANl Dgta Poine Are B0 mm (031377 Or Law Well Thicknes, Except For Poinas § And 18
Which Are 0.5 mm (03757] Well Thicknes, And 27 Which Is 11.9 mm 0.480"1 Wall Thicknes.

Fig. 3. SAFE DESIGN LIMIT BASED ON EXPERIENCE
OF ACOUSTICALLY INDUCED PIMING VIBRATIONS

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 adeguate 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 Ibf)

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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