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There are references in the literature for experience based safe design limits
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Source: Zamjec, Acoustic Fatigue — Turbulence
Induced Fatigue Failure of Relief System Piping,
Spring 2006 API Refining Meeting May 3, 2005
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version of the MTD Guidelines

Vibration of small bore
connections

ih i in

Excitation S Vibration of main line

. flow turbulence * length of connection
- . : « type of connection
* mechanical * pipe diameter +  no. of valves
* pulsation + wall thickness . die;meter
* acoustic * support ; :
. transient « parent pipe wall thickness
* location

Source: R. Swindell, “Vibration Fatigue in Process Pipework — A Risk Based Assessment Methodology”, 2003?
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Currently, API does not offer specific guidance on piping vibration risk

» Factors that have led to an increasing incidence of vibration
related fatigue failures in piping systems:

O Increasing flow rates as a result of debottlenecking contributes to higher flow velocities
with a correspondingly greater level of turbulent energy

O Frequent use of thin-walled piping which results in higher stress concentrations,
particularly at small bore connections

» Process piping systems are often designed on the basis of a
static analysis with little attention paid to vibration induced
fatigue

» Most piping design codes do not emphasize the issue of
vibration proactively

» Take our most commonly used standard, ISO/API 521:

O No specific guidance on velocity limitations other than backpressure calculations

O No guidance on acoustic fatigue or vibration induced fatigue
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Piping vibration is often considered on an ad-hoc or reactive basis

» Many operating companies have established their own internal
standards and those standards vary from company to
company

» Currently available public guidance documents include:
O NORSK P-001 Process Systems, Rev. 4, October 1999

O Harris Shock and Vibration Handbook, Chapter 29, “VIBRATION OF STRUCTURES
INDUCED BY FLUID FLOW” BY R. D. Blevins

O Energy Institute’s “Guidelines for the Avoidance of Vibration Induced Fatigue in Process
Pipework” (2nd Edition, 2008)
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Vibration is the mechanical oscillation or repetitive motion of an
equilibrium position

oBféct around an

» Vibration of an object is always caused by an excitation force,
which can be exerted externally or originally from within the
object
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The terms used to describe vibration are frequency, amplitude and acceleration

=)k mﬁ ’ ,m 'm t:p'”m:““”e
Vibrating Object 2| | _K‘Z}_ - _&_/_ _ _u

+—1 Cycle—++—1 Cycle—+—1 Cycle—

I]mplnne ment

4"

» Frequency - The number of cycles that a vibrating object completes in one second is
called frequency. The unit of frequency is hertz (Hz).

» Amplitude - Amplitude is the distance from the stationary position to the extreme
position on either side. The intensity of vibration depends on amplitude.

» Acceleration - The speed of a vibrating object varies from zero to a maximum during
each cycle of vibration. It moves fastest as it passes through its stationary position to an
extreme position. The vibrating object slows down as it approaches the extreme, where it

stops and then moves in the opposite direction through the stationary position toward the
other extreme.
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Common causes of piping vibration include flow induced turbulence
» Fluid flow in pipes generates turbulent energy

» Dominant sources of turbulence are from flow discontinuities in the piping systems
(e.g., partially closed valves, short radius, mitered bends, tees or expanders)

» The level of turbulence intensity is a function of pipe size, fluid density, viscosity,
velocity, and structural support

Fluid Velocity Profile Kinetic Energy

- . B

Example of the distribution of kinetic energy due to turbulence generated by flow into a tee

Source: The Energy Institute Guidelines (2008)
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Common causes of piping vibration also include high frequency excitation

» High frequency acoustic energy are often generated by a pressure
reducing device (e.g., relief valve, control valve, or orifice plate)

» Acoustic failure is of a particular concern for safety related (e.g. relief and
blowdown) systems

» High noise levels are generated by high velocity fluid impingement on the
pipe wall, turbulent mixing, and if flow is choked, shockwaves downstream
of flow restriction, which leads to high frequency vibration

» The severity of high frequency acoustic excitation is primarily a function of

the pressure upstream and downstream of the valve, pipe diameter, and
the fluid volumetric flow
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Other causes of piping vibration include mechanical excitation and pulsation and
vortex shedding

» Mechanical excitation and pulsation

O These excitations are often associated with pipes connected with reciprocating
compressors, pumps, or rotating machinery

O Such connection machines cause vibration of the pipe and its support structure

» Vertex shedding from thermowells

O Thermowells are intrusive fittings and are subject to static and dynamic fluid
forces.

O Vortex shedding is the dominant concern as it is capable of forcing the
thermowell into flow-induced resonance and consequent fatigue failure

O The latter is particularly significant at high fluid velocities
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Other causes of piping vibration include surge/momentum changes associated with
valves, cavitation, and flashing

» For relief piping, flow induced turbulence and high frequency acoustic excitations
are of the major concerns
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Samples of common vibration related failure risks

» The most fatigue sensitive locations are
welded joints associated with main lines
and small bore connections

» Typically, fatigue failure of small bore
connections occurs at the connection
with the parent pipe

» However, depending on the local
configuration fatique failures can
occur at other weld locations

» Example of a fatigue crack which did
not occur at the connection to main
line, resulting in a clear leak

Source: Energy Institute Guidelines (2008)
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Samples of main line support related risks

Rape used to support pipework. In addition pipe
suspended from another pipe.

U-Bolt providing little or no restraint to vibration; no  Attempt to restrain main pipework by use of
lining between U-Bolt and pipe U-Bolt and strut (little/no lateral support)

Pipework clear of resting suppart, due to thermal Pipework clear of resting support (air gap)
growth (air gap)

Source: Energy Institute Guidelines (2008)

Slide 15 © 2010, ioMosaic Corporation; all rights reserved. Do not copy or distribute without the express written permission of ioMosaic Corporation



ioMosaic

Samples of small bore connections related risks

| =

Large cantilevered mass with poor geometry Connection braced at small bore pipe using Good support of cantilevered mass
flat bar, no support provided to the valve and
potential punch through threat.

Source: Energy Institute Guidelines (2008)
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Samples of common fretting related risks

Reinfarcement plate at rest support to resist Fretting damage to main pipe; no resilient pad
fretting damage on pipe. between support and pipe; also pipe clash

Resilient pad between support and pipe Fretting damage to pipe caused by pipework
protects against fretting damage vibrating relative to deck penetration cover
Source: Energy Institute Guidelines (2008)
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We are a member of the Energy Institute and encourage you to consider membership

» The Energy Institute’s “Guidelines for the Avoidance of Vibration Induced
Fatigue in Process Pipework” (2"d Edition, 2008) (the Guidelines)

» Copyright for the Guidelines (originally published by the Marine Technology
Directorate) was transferred to the Energy Institute, in the U.K.

> Rearranged and significantly improved from the 1st Edition

» The Guidelines are used to conservatively estimate the likelihood of failure
(LOF). The LOF can also be combined with a consequence of failure to
determine the overall risk of a system or component
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The MTD Guidelines follow a systematic approach which includes both qualittive and

quantitative methods

Source: Energy Institute Guidelines (2008)
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Reactive or proactive?

v

Reactive Assessment
(Known vibration issue)
(Chapter 4)

!

Relevant actions
Visual inspection
(TM-05 & TM-06)
Basic Measurement (TM-07)
Specialist Techniques
(TM-08 & TM-09)
Corrective actions
(TM-10, TM-11 & TM-12)

!

Implement and verify
corrective actions

T
| Transfer to

o i i o i A s i

proactive scenario

v

Proactive Assessment
(Chapter 3)

A

Type of Plant / Define Scope

3

Qualitative Assessment

and Prioritisation (TM-01)

|

Quantitative Assessment
¢ Main line (TM-02)

¢ SBC (TM-03)

e Thermowell (TM-04)

1

Relevant actions
Visual inspection
(TM-05 & TM-06)
Basic Measurement (TM-07)
Specialist Techniques
(TM-08 & TM-09)
Corrective actions
(TM-10, TM-11 & TM-12)

A

Implement and verify
corrective actions
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Lo Note 1| Qualitatizt:mlff)essment Design Note 1: /f the qualltatlve assessment does not

g | } I indicate any high or medium scores

1 ' e Quantitative |

I ™ Y Thermowell LOF || . . . .

|} | Quanttative ManLine \note2 1 assessment | Note 2: If the main line qualitative assessment
I 03] i T results in a LOF score greater than 0.5

I lv ‘|’ : Note 4 I .

IE Quantitative SBC Note 3 Predictive Techniques . I N t 3 lf th SBC /t t t It H
I LOF Assabamiait bt X (TM_qg_Tspe:i?"sl . I ote o. e quailitative assessment resuits in
| i Predictive Techniques) | a LOF score greater than 0.4

I = : I o

I (TMAD - Main Ling) |, i Note 4: If the thermowell qualitative assessment
1 TM-11 - SBC .

1 (TME12-TtI1erm03ve[I) | results in a LOF score of 1.0

i . v e e e e e o ! o

I = w— . construction | NOte 5: If the location is identified to be of concern
P > (TM-05-Piping)  (4------" I

| (TM-06 - Tubing) |

| ‘E'Note 5 I

I Measurement &/or Predictive Techniques I

| (TM-07 - Basic Piping Vibration Techniques) I

™ = | (TM-08 - Specialist Measurement Techniques) "'6 = e i

I (TM-09 - Specialist Predictive Techniques) °""“"'§5'°"'“9 I

| ;Note 5 Operation |

| S s | Ko |

| (TM-11 - SBC) Expected |

I (TM-12 - Thermowell) | — * assessment path :

I i ----p Dependent on I

| Implement and verify e |

1 corrective actions I Source: Energy Institute Guidelines (2008)
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A different methodology is used for an existing plant

Qualitative Assessment

Measurement &/or Predictive Techniques
(TM-07 - Basic Piping Vibration Techniques)
(TM-08 - Specialist Measurement Techniques)
(TM-09 - Specialist Predictive Techniques)

v Note 1

(TM-01) Note 1: If the location is identified to be of
concern
Y
Note 1| Visual Assessment Quantitative . i : :

porossaremeses (TM-05 - Piping) Thermowsll LoF | NOt€ 20 If the main line qualitative assessment
5 (TM-06 - Tubing) Asffnﬁsomf"t results in a LOF score greater than 0.5
1 ¢ - 4
| Note2| Quantitative Main Line Nots 4 Note 3: If the SSC qualitative assessment
A LR ?rmszs)me”t ; results in a LOF score greater than 0.4
i v i Note 4. If the thermowell qualitative
| Quantitative SBC : .
i i 5 assessment results in a LOF score of 1.0
; (TM-03) ;
§ + Note 3 5

i
|
A 4

Corrective Actions
(TM-10 —Main Line) [, ,
(TM-11 - SBC)
(TM-12 - Thermowell) Key
v Expected
Implement and verify assessment path
corrective actions ---p Dependent on

outcome Source: Energy Institute Guidelines (2008)
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Qualitative Assessment
(TM-01)

Quantitative Main Line
LOF Assessment
(TM-02)

Note 3

h 4

Quantitative
Thermowell LOF
Assessment
(TM-04)

é Note 5

LOF Assessment
(TM-03)

Predictive Techniques
(TM-09 - Specialist
Predictive Techniques)

£

-

3
Y

|
|
1
|
|
|
l ]
: : Quantitative SBC
1
|
I
|
1
|

Corrective Actions
(TM-10 = Main Line)
(TM-11 - SBC)
(TM-12 - Thermowell)

T

Visual Assessment

> (TM-05 - Piping)

(TM-06 - Tubing)

_ yNote6

Measurement &/or Predictive Techniques
(TM-07 - Basic Piping Vibration Techniques)

(TM-08 - Specialist Measurement Techniques)

Plant change
implemented
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y Note 6

Corrective Actions
(TM-10 — Main Line)
(TM-11 - SBC)
(TM-12 - Thermowell)

Key

v

I
1
I
1
I
|
I
| (TM-09 - Specialist Predictive Techniques)
1
|
I
|
|
|
|

Implement and verify
corrective actions

Expected
assessment path

----p Dependent on

outcome

Note 1: If the location is identified to be of
concern

Note 2: If the main line qualitative assessment
results in a LOF score greater than 0.5

Note 3: If the SSC qualitative assessment
results in a LOF score greater than 0.4

Note 4. If the thermowell qualitative
assessment results in a LOF score of 1.0

Source: Energy Institute Guidelines (2008)
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If there are known vibration issues, the following methodology is proposed

| Potential Vibration Issue Identified |

v

Review History & Plant Operation
Identifying plant operation when
vibration issue occurs

2

Walkdown Survey
TM-05 and TM-06

v

Perceived Vibration Levels

Not of concem

Concern/
v Unsure

No Are basic vibration
measurements feasible?

#Yes v

Basic Vibration Measurements Regular
TM-07 Basic Piping Vibration Techniques review

Jr 3
r Preliminary Acceptance Criteria
|

Undertake actions to reduce
vibration levels in the short
term (e.g. change in
operating conditions)

h 4

Detailed Assessment using Vibration Specialist
TM-08 Specialist Measurement Techniques
TM-09 Specialist Predictive Techniques

y
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v
Above Noy|  Above No > Below
“Problem” “Concem” “Concemn”
‘Yes Yes

Address case of an existing
plant where there are know
vibration issues

Once the issues are
addressed, a proactive
strategy should be
Implemented

Visual inspection and a
verification process to
implement and verify corrective
actions are key

Source: Energy Institute Guidelines (2008)
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The Guidelines’ assessment methodologies are divided into several stages

» Qualitative Assessment
» Quantitative Main Line Assessment
» Quantitative Small Bore Connections (SBC) Assessment

> Quantitative Thermowell Assessment
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The information required is already available in relief systems studies

> Key information required include:
QO P&IDs, PFDs
O General knowledge of the plant operation

a Plant history, maintenance (e.g. corrosion management)

> ldentify potential problem systems and their potential vibration
excitation mechanisms

» Qualitative assessment questionnaire are dependent on the
types of assessments

» Provide a means of risk ranking in order to prioritize the
subsequent assessments
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Qualitative assessment excitation factors use rho*u*u

Applicable Likelihood Classification Potential excitation
Item Aspect process mechanism(s)
fluid(s) Low Medium High
Flow induced turbulence
What is the maxirgum value of (s‘ug::ft'i‘:)'gs_}_z"e;er to
kinetic energy {pv°) of the process 2 | between 5,000 < py’ 2 2 ¢
1 e All pv? < 5,000 kg/m s 2 pv’ 220,000 kg/m s
fluid yglhl?‘thisystem under < 20,000 kg/m s Flow induced pulsation
IR ER Y (Gases only) refer to
Section T2.6
Is choked flow possible or are sonic High frequency acoustic
2 flow velocities likely to be Gas No Yes excitation refer to
encountered? Section T2.7
3 Is there any rotating or reciprocating Al Ko rotating equipment reciprocating Mechanical excitation
machinery? only equipment refer to Section T2.3
Screw/gear type - .
4 Are there any positive displacement Al Kig pasitive or:i?i?;o;}zhrgctaﬁgm Pulsation - reciprocating
pumps or compressors? displacement P P refer to Section T2.4
: machine
machine
Stall rotating condition
Compressor has stall unknown.
Are there any centrifugal characteristics but Compressor has
5 compressors which have the Gaa No operational restraints rotating stall Pulsation - rotating stall
potential to operate under rotating in place to ensure characteristics and refer to Section T2.5
stall conditions? that rotating stall is may operate at
not encountered conditions that will give
rise to stall conditions

Source: Energy Institute Guidelines (2008)
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Qualitative assessment excitation factors use rho*u*u (continued)

Applicable Likelihood Classification Potentiallaxcitaion
Item Aspect process > A ria
fluid(s) Low Medium High echanism(s)
6 Are there any systems which may Liquid / No Vi Cavitation and Flashing
exhibit flashing or cavitation? Multiphase refer to Section T2.9
7 Are there any systems with fast Al N v S;;gef Momfer:ttum
acting opening or closing valves? = " ol (refer to
Section T2.8
" ’ : Vortex shedding from
8 Are thers intrusive elements in the Gas/Liquid No Yes intrusive elements to
process stream? refer to TM-04
9 Is there a possibility of slug flow? Multiphase No Yes Slug Iﬂ::_uw - saek
i specialist advice
Is there a history of pipework Yes: however,
vibration issues, or are there any suitable corrective
10 systems which are similar to those Al Ko action in place and Yes Known vibration refer to
on another plant which have a validated for the Chapter 4
known history of pipework vibration complete operating
issues? envelope.

Source: Energy Institute Guidelines (2008)
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The qualitative methodology also includes condition and operating factors

Applicable Likelihood Classification Confsitaito
Item Aspect process fact o
fluid(s) Low Medium High i
What is the quality of Better than industry At industry Below industry g ;
A construction? Al standards standard standards Bulld qeality
What is the effectiveness of the Corraiont
B plant maintenance programme All Better than industry At industry Below industry Inairdanancs
(including corrosion standards standard standards ¢
management)? i sl
Are there any cyclical
C | operations (e.g. batch All No Yes Cyclical loading
operation)?
What is the number of
unplanned process
interruptions in an average ”
D year? (this is intended for All 0-1 2-8 9 or mare Process upsets
normal continuous process
operations)

Source: Energy Institute Guidelines (2008)
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Qualitative Assessment Issues for Changes to Plant

Item | Description If Yes - Potential Issues
e Flow induced turbulence (all fluids),refer to
Will the modification result in one or more of the following: Section T2.2
» Anincrease in flow velocities by more than 5% over previous ¢ Flow.lnduced pulsation (gases systems only), refer to
1 operational experience? Section T2.6 . ,
e Anincrease in fluid density by more than 10% over previous o ¥'TEI shedding from intrusive elements (all fluids), refer to
: : -0
operational experience?
J i e Surge/Momentum Change refer to Section T2.8
For a gas system, will the modification result in one or more of the | For all systems:
following: e Pulsation - Flow induced excitation, refer to Section T2.6
« A change in the molecular weight of the gas by more than + 5% | If there is a centrifugal compressor:
2 from previous maximum/minimum operational experience? ¢ Pulsation - rotating stall (gas systems only) refer to
e A change to the temperature of the gas by more than + 5% Section T2.5
from previous maximum/minimum operational experience? i thare i y . .
) . ere is a reciprocating compressor:
* A change to the ratio of specific heats (C,/C,) of the gas by f P & g ) P
more than + 5% from previous maximum/minimum operational | * Pulsation — reciprocating compressor (gas systems only) refer
experlence'? tO‘ Section T2.4
For a liquid system incorporating a reciprocating / positive
displacement pump, will the modification result in one or more of
3 W g e Pulsation — reciprocating /positive displacement pump (liquid
= A change in the density of the liquid by more than + 5% from systems only) refer to Section T2.4
previous maximum/minimum operational experience?
« Achange to the bulk modulus of the liquid by more than + 5%
from previous maximum/minimum operational experience?
Source: Energy Institute Guidelines (2008)
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Qualitative Assessment Issues for Changes to Plant (Continued)

Item | Description If Yes - Potential Issues
Will the modification result in a change to the operational
configuration of a positive displacement compressor or pump which
4 is outside existing operational experience e.g.: + Pulsation — reciprocating /positive displacement compressor or
e The use of a second compressor/pump in tandem? pump (liquid and gas systems only) refer to Section T2.4
e The use of compressor/pump recycle or partial unleading of the
compressor?
5 Will the modification result in a centrifugal compressor being = Pulsation - rotating stall (gas systems only) refer to
operated at low flow conditions? Section T2.5
6 Will the modification result in choked flow and/or sonic velocities in | «  High frequency acoustic excitation (gas systems only) refer to
the pipework? Section T2.7
7 | Will the modification result in flashing or cavitation? s Cavitation and Flashing refer to Section T2.9
For changes to valves (including change of valve type or changes
to valve closing timings) check for:
e Surge/Momentum Change refer to Section T2.8
Will the modification result in a change or addition to the existing For changes to machinery check for.
8 pipework or associated equipment (valves, machinery or intrusive | ¢ Mechanical excitation refer to Section T2.3
?ézralizt; esrlft{':?h as thermowells) which is not a like-for-like For changes to thermowells check for:
' ¢ Vortex shedding from intrusive elements refer to TM-04
For changes to pipework, supports, small bore connections and
tubing check for:
e Poor geometry refer to TM-05 and TM-06
9 | Will the modification result in slug flow? ¢ Slug flow - seek specialist advice
SourceEnergy Institute Guidelines {2008)
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Quantitative Main Line Assessment

> Key information required include:
P&IDs, PFDs

General knowledge of the plant operation

Selected piping isometrics

YV V V VY

Detailed equipment and process information (e.g. valve datasheets, flow rates, fluid
densities)

> Determine the likelihood of failure from various vibration
excitation mechanisms as identified from the Qualitative
Assessment stage

> List corresponding corrective action items based on the
severity indicated by the calculated likelihood of failure (LOF)
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Quantitative Small Bore Connections Assessment

> Key information required include:
» Main line LOF
> SBC geometry
» SBC location

» For each main pipe under consideration, assess all SBCs as
“flagged” from the Qualitative Assessment and Main Line
Assessment

> Calculate the likelihood of failure

> List corresponding corrective action items based on the
severity indicated by the calculated LOF
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Quantitative Thermowell Assessment

> Key information required include:
» Process data
» Thermowell geometry

» Main line schedule

» For each main pipe under consideration, assess all applicable
thermowells as “flagged” from the Qualitative Assessment

> Calculate the likelihood of failure

» List corresponding corrective action items based on the
severity indicated by the calculated LOF
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Procedure for flow induced turbulence assessment
> Determine pv?2

Determine pv?

O For single phase

Determine fluid viscosity
factor, FVF

pVv2 = (actual density) x (actual
velocity)?

O For multi-phase

pv? = (effective density) x (effective v
velocity)? Determine support
arrangement

» Determine fluid viscosity factor, FVF

\ 4

O For single phase . .
\/7 Determine flow induced
Hgas vibration factor, F
FVF = Y2 v
V1x107

Calculate flow induced

' For multi-phase turbulence L.O.F
FVF =1

where Yy, is the dynamic viscosity

Source: MTD Guidelines, 1999. All units are in Sl.
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Procedure for flow induced turbulence assessment
» Determine support arrangement

Support e Typical Fundamental
Arrangement Span Length Criteria Natural Frequency
Stiff L,.<-12346%10"°D_° +0.02D,, +2.0563 14 to 16 Hz
Medium Stiff | L. >-1.2346*107°D,," +0.02D,, +2.0563 7 Hz
L,.,<-1.1886*107D, " +0.025262D,,, +3.3601

Medium L. >—1.1886%107° D, +0.025262D,,, +3.3601 4 Hz
L, <-1.5968*107° D, +0.033583D,, +4.429
Flexible L, >—1.5968*107 D, +0.033583D,, +4.429 1Hz

Different support arrangements as a function of span length and outside
diameter

Source: Energy Institute Guidelines (2008)
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Procedure for flow induced turbulence assessment

> Determine the flow induced vibration factor, Fv
Support | Range of
Arrange | Outside F, v} B
-ment | Diameter
Stiff 60 mm to a(;:r,,,/{)ﬁ 4461874646 Do +9.17°107° D, 0.1In{D,e)-1.3739
762 mm :
Medium 60 mm to o ;,-»ﬂ%)ﬂ 28392143700, 0.1106In{D.4)-1.501
Stiff 762 mm 4
Medium 273. mm a,(u,,, /)ﬂ 150412+208 D, 0.0815In(D..)-1.3269
to 762 mm 5
Medium | 60 mmto expla(ﬂr-y; )"‘r I 13.1-4.75"10° Duw #1.41°10° Du® | -0.13242.28"10° Dosg -3.72*107 Dp®
219 mm
Flexible | 273 mmto cr(ﬂf'y-’-'}ﬂ 41.21 D, +49367 0.0815In(D.q)-1.3842
762 mm :
Flexible 60 mm to EKplfx(D*-yﬁ)ﬂI 1.32°10° Doy *442*10° D,y #1222 | 2.84*10° Do -4.62*107 Dy >-0.164
219 mm
Source: Energy Institute Guidelines (2008)
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Procedure for flow induced turbulence assessment
» Calculate likelihood of failure (LOF) for flow induced turbulence

2
LOF = pF“ FVF

\Y

> For flexible pipes, LOF is very sensitive to the fundamental natural frequency
(particularly having natural frequency between 1 and 3 Hz) and further detailed
method is needed to estimate the LOF.
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Main Line Actions

» The main line shall be redesigned, re-supported or a detailed analysis of the main line shall be
conducted, and vibration monitoring of the main line shall be undertaken (TM-07,08,09)
e 16 » Corrective actions shall be examined and applied as necessary (TM-10)
>=1.
» Small bore connections on the main line shall be assessed. (TM-03)

» A visual survey shall be undertaken to check for poor construction and/or geometry and/or support for
the main line and/or potential vibration transmission to neighboring pipework. (TM-05, 06)

» The main line should be redesigned, re-supported or a detailed analysis of the main line should be
conducted, or vibration monitoring of the main line should be undertaken (TM-07,08,09)
P » Corrective actions should be examined and applied as necessary (TM-10)
> >= ().
» Small bore connections on the main line shall be assessed. (TM-03)

» Avisual survey shall be undertaken to check for poor construction and/or geometry and/or support for
the main line and/or potential vibration transmission to neighboring pipework. (TM-05, 06)

» Small bore connections on the main line should be assessed. (TM-03)

0.5>LOF>=0.3 3 A visual survey should be undertaken to check for poor construction and/or geometry and/or support for
the main line and/or potential vibration transmission from other sources. (TM-05, 06)

» Avisual survey should be undertaken to check for poor construction and/or geometry and/or support or

LOF <0.3 the main line and/or potential vibration transmission from other sources. (TM-05, 06)

Source: Energy Institute Guidelines (2008)
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Small Bore Connections Actions
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» The SBC shall be redesigned, re-supported or a detailed analysis shall be conducted, and vibration
monitoring of the SBC shall be undertaken (TM-07,08,11)

LOF >=0.7
» A visual survey shall be undertaken to check for poor construction and/or geometry for the SBC's and
instrument tubing. (TM-05,06)
» Vibration monitoring of the SBC should be undertaken. Alternatively the SBC may be redesigned, re-
supported or a detailed analysis conducted. (TM-07,08,11)
0.7>LOF >=0.4

» Avisual survey should be undertaken to check for poor construction and/or geometry for the SBC's and
instrument tubing. (TM-05,06)

» Avisual survey should be undertaken to check for poor construction and/or geometry for the SBC's and
LOF <0.4 instrument tubing. (TM-05,06)

Source: Energy Institute Guidelines (2008)
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Thermowell Actions

LOF =1.0 » Modify the thermowell or a detailed analysis shall be conducted.

LOF =0.29 » No action required

Source: Energy Institute Guidelines (2008)
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Sample of Corrective Actions for Main Line

> For flow induced turbulence:

d

C O 0O O

Decrease the flow velocity by increasing the diameter of the main pipe

Run a second pipe in parallel

Increase the pipe wall thickness

Minimize the number of bends in a system, the use of long radius bends, etc.

Stiffen the main line and its supporting structure

» For high frequency acoustic excitation:

Slide 41

a
a
a

Use of low noise trim, particularly for control valve
Increasing the pipe wall thickness

Reduce the flow rate
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Sample of Corrective Actions for Small Bore Connections

» The fitting and overall unsupported length should be as short as possible
» The mass of valves and instrumentation should be minimized

» Any bracing supports should be from the main pipe, thus ensuring that the small
bore connection moves with the main pipe
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About ioMosaic Corporation

Founded by former Arthur D. Little Inc. executives and senior staff, ioMosaic is the leading
provider of safety and risk management consulting services. ioMosaic has offices in Salem,
New Hampshire, Houston, Texas, and Minneapolis, Minnesota.

Since the early 1970's, ioMosaic senior staff and consultants have conducted many landmark
studies including an audit of the Trans-Alaska pipeline brought about by congressional whistle
blowers, investigation of the Bhopal disaster, and the safety of CNG powered vehicles in
tunnels. Our senior staff and consultants have authored more than ten industry guidelines and
effective practices for managing process safety and chemical reactivity and are recognized
industry experts in LNG facility and transportation safety.

ioMosaic Corporation is also the leading provider of pressure relief and flare systems design
services and solutions. Its pressure relief system applications are used by over 300 users
worldwide. It holds key leadership positions in the process industries' most influential and active
pressure relief system design, and chemical reactivity forums, and plays a pivotal role in
defining relief system design, selection, and management best practices.

SALEM OFFICE HOUSTON OFFICE MINNEAPOLIS OFFICE
93 Stiles Road 2401 Fountain View, Suite 850 401 North 3rd Street, Suite 410
Salem, New Hampshire 03079 Houston, Texas 77057 Minneapolis, Minnesota 55401

Tel: 603-893-7009 Tel: 713-490-5220 Tel: 612-338-1669
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Salah Gas Incident

Source: Ed Zamejc, Spring 2006 API Refining Meeting
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Overview

» Factors that have led to an increasing incidence of vibration related fatigue failures
in piping systems:

< Increasing flow rates as a result of debottlenecking contributes to higher flow velocities
with a correspondingly greater level of turbulent energy in process systems;

< Frequent use of thin-walled piping which results in higher stress concentrations,
particularly at small bore connections

» Process and relief piping systems are often designed with little attention paid to
vibration induced fatigue

» Most piping design codes do not emphasize the issue of vibration proactively

» Take our most commonly referenced standard, ISO/API 521:
< No specific guidance on velocity limitations other than backpressure calculations

< No guidance on acoustic fatigue or vibration induced fatigue
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Overview
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» As a result, piping vibration is often considered on an ad-hoc or reactive basis

» Many operating companies have established their own internal standards and
those standards vary from company to company

» Currently available public guidance documents include:
< NORSK P-001 Process Systems, Rev. 4, October 1999

< MTD “Guidelines for Avoidance of Vibration Induced Fatigue in Process
Pipework” ISBN 1870553 37 3, 1999 [There is a second revision pending]

< Harris Shock and Vibration Handbook, Chapter 29, “VIBRATION OF STRUCTURES
INDUCED BY FLUID FLOW” BY R. D. Blevins

> SuperChems offers state of the art computational flow models that provide

detailed estimates of kinetic energy and sound pressure/power levels required for
the assessment of the risk of vibration induced failure of process and relief piping.
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Vibration in brief

» Mechanical oscillation or repetitive motion o\ | Ampiitude
I

of an object around an equilibrium position.

e ——— m | z —TiME
'thratlr;n [Ih|ur.1 1 n |:| \Ey
» Vibration of an object is always caused by “‘ =T
1 Cycle

an excitation force, which can be exerted «—1 Cycle 1 Cycle—s,
externally or originally from within the object.

__,_a-

H
|l

r—a
p—

mplar.e ment

< Frequency - A vibrating object moves back and forth from its normal stationary position.
A complete cycle of vibration occurs when the object moves from one extreme position
to the other extreme, and back again. The number of cycles that a vibrating object
completes in one second is called frequency. The unit of frequency is hertz (Hz).

» Amplitude - A vibrating object moves to a certain maximum distance on either side of
its stationary position. Amplitude is the distance from the stationary position to the
extreme position on either side. The intensity of vibration depends on amplitude.

< Acceleration - The speed of a vibrating object varies from zero to a maximum during
each cycle of vibration. It moves fastest as it passes through its stationary position to an
extreme position. The vibrating object slows down as it approaches the extreme, where
it stops and then moves in the opposite direction through the stationary position toward
the other extreme.
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Common causes of
piping vibration

> Flow induced turbulence

< Fluid flow in pipes Fhud Velocity Profile Elnatic Enerzy
generates turbulent energy

< Dominant sources of m—_——l
turbulence are from flow of
discontinuities in the piping
systems (e.g., partially
closed valves, short radius,
mitered bends, tees or
expanders)

¢ The level of turbulence
intensity is a function of

pipe size, fluid density, An example of the distribution of kinetic energy due to turbulence

viscosity, velocity, and generated by flow into a tee (MTD Guidelines, 1999)
structural support
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Common causes of
piping vibration

» High frequency acoustic excitation

< High frequency acoustic energy are often generated by a pressure reducing device
(e.qg., relief valve, control valve, or orifice plate)

< Acoustic failure is of a particular concern for safety related (e.g. relief and blowdown)
systems

< High noise levels are generated by high velocity fluid impingement on the pipe wall,
turbulent mixing, and if flow is choked, shockwaves downstream of flow restriction,
which leads to high frequency vibration

< The severity of high frequency acoustic excitation is primarily a function of the pressure
upstream and downstream of the valve, pipe diameter, and the fluid volumetric flow

Slide 7 © 2007, ioMosaic Corporation; all rights reserved - M - -
Do not copy or distribute without the express written permission of ioMosaic Corporation IO Osa I C



Common causes of
piping vibration

i 0

» Mechanical excitation and pulsation

< These excitations are often associated with pipes connected with reciprocating
compressors, pumps, or rotating machinery

< Such connection machines cause vibration of the pipe and its support
structure

» Other causes of piping vibration include surge/momentum changes associated
with valves, cavitation, and flashing

» For relief piping, flow induced turbulence and high frequency acoustic excitations

are of the major concerns and therefore are the central discussion in this
presentation
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MTD Guidelines Screening
Methodologies

» The “Guidelines for the Avoidance of Vibration Induced Fatigue in Process
Pipework” published by Marine Technology Directorate (MTD, 1999), is now
administered by the Energy Institute (2" Revision to be released soon)

» The Guidelines are used to conservatively estimate the likelihood of failure (LOF).
The LOF can also be combined with a consequence of failure to determine the
overall risk of a system or component.

» The Guidelines’ assessment methodologies are mainly divided into three stages:

< Stage 1: Identification of excitation mechanisms — ldentify potential problem systems
and their potential vibration excitation mechanisms by survey questionnaire

< Stage 2: Detailed screening of the main pipe — Assess all main pipe systems identified
in Stage 1 and determine the LOF. Appropriate action items are recommended based
on the severity indicated by the calculated LOF.

< Stage 3: Detailed screening of small bore connections (SBC) — Excitation energy that
causes vibration comes from the main pipe. For each main pipe under consideration,
assess all SBCs as “flagged” from Stage 1 and 2, and then determine the LOF.
Recommended action items are proposed based the calculated LOF.
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Screening methodologies —

Stages 1 and 2
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Screening methodologies —

Stage 3
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Procedure for flow induced
turbulence assessment

>~ Determine pv2 Determine rv2

< For single phase
2 = ) ity)2 . . . .
pv4 = (actual density) x (actual velocity) Determine fluid viscosity
< For multi-phase factor, FVF
pV2 = (effective density) x (effective
velocity)? v
Determine support
» Determine fluid viscosity factor, FVF arrangement
< For single phase !
r Determine flow induced
Hgas vibration factor, F
FVF = » Ty
V1x107®
where Yy, is the dynamic viscosity v
< For multi-phase Calculate flow induced
EVE = 1 turbulence L.O.F

Reference: MTD Guidelines, 1999. All units are in SlI.
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Procedure for flow induced
turbulence assessment

» Determine support arrangement

25 T
| 5' > | | Flexible Support
L =-1.5968"10 D" + 0.0335830D + 4.429 Arrangement

e

20 "‘,,.i-"
L =-1.1886*10°°D? + 0.025262D + 3.3601 )/ Medium Support

D
—_ Arrangement
E
T 15 \ J/f —-—-"‘T”
|
g d /"’f—- Medium Stiff
Support Arangsment

E 0 p ‘}'/ P d

5 ] / Stiff Support

- \'\ Arrangement
L =-1.2346"10°D" + 0.02D + 2.0563
) I N
0 100 200 300 400 500 G600 700 800 S0

Actual Outside Diameter - D - (mm)

Different support arrangements as a function of span length and outside diameter

Reference: MTD Guidelines, 1999.

Slide 13 © 2007, ioMosaic Corporation; all rights reserved

. | A ]
Do not copy or distribute without the express written permission of ioMosaic Corporation IO M Osa I C



Procedure for flow induced
turbulence assessment

> Determine the flow induced vibration factor, Fv

Range of Fe o b Flgurs
ke o
Clamsier
St E;Tmln 1L 446187 14 645 510+ 0 Lag+ Lot ot 0 Lniy— 1.373% A
Imm
Medlum | &mm o oo lg P JR3CA1+3T04D 0.1 106 I £ —1.501 A
SHIT T2 mm
Easdlum | 27 mm o m@f? 150412 + 208930 OGRSl nif i —1.526% A5
2 mm

Medhm e explei®F | | 131125 -4 mass T DLl 1 | —o132+ 22800000 D3 T 0T P | RS
mm

Fl=xibé= | I3 mmis E@fj‘ 41210+ 49397 0081 5nifn—1.5842 AT
T2 mm

Flex e ﬁ;I";f:'T explipf | | 1307500070 —aa2130 00t De12 217 | —dezzeln T P 428350 104 D-n e | A

Methods for calculating Fv

Reference: MTD Guidelines, 1999.
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Procedure for flow induced
turbulence assessment

» Calculate likelihood of failure

(LOF) for flow induced
turbulence

2
LOF = pF” FVF

v

1080 £

» For flexible pipes, LOF is very
sensitive to the fundamental
natural frequency (particularly
having natural frequency
between 1 and 3 Hz) and
further detailed method is
needed to estimate the LOF.

KlrstleEreergy [Dyramic Prassurs]

o 19 = = ] L] a0 TO L] ] 100}
Frequancy (Hr)

Reference: MTD Guidelines, 1999. Turbulent energy as a function of frequency
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Procedure for high frequency
acoustic excitation assessment

> CalCU Iate SOU rce SOU nd pOwer |€V€| (PWL) Calculate source sound power level (PWL)
v

Calculate PWL at branch
3.6 1.2
PWL (source) :10|og10[(uj Wz(t—lj ]+126.1
pl M Yes
where:
p4 = pressure upstream of valve (kPa absolute)
p, = pressure downstream of valve (kPa absolute) A
W = mass flow rate (kg/s) v
t, = upstream temperature (deg K) Calculate total PWL at branch
M = molecular weight of gas ¢

Estimate fatigue life (N)

»> Calculate PWL at branch I

Calculate fatigue life multiplier (FLM)

—_— *
PWIL (branch) = PWL(source) — 60*L/D,, I
Enter Figure A-16 at calculated branch PWL
Is connection a weldolet type fitting? HYes » at obtain fatigue life multiplier (FLM)
N=N*FLM
where: w
No
L = distance downstream between source and branch (m) <
D, = internal diameter (mm) of the main line - Enter Figure A-17 at calculated branch PWL
Is piping material duplex? HYes p at obtain fatigue life multiplier (FLM)
‘ N=N*FLM
No

<

4

L.O.F. =-0.1303In(N})+3.1

Reference: MTD Guidelines, 1999.
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T Procedure for high frequency
- = acoustic excitation assessment

L. — .

» Calculate source sound power level (PWL)

PWL1(branch) PWL2(branch
+

PWL(branch,totaI):1OI0910[10 o 410 ®

where:

PWL1 (branch) = PWL in the main pipe of valve 1 at the branch
PWL2 (branch) = PWL in the main pipe of valve 2 at the branch

» Estimate the fatigue life (N)

log,, N = 470711.5155 - 63075.1242(log,, B) + 18363%'4368 = 5750;?_'13273

B = a[PWL (branch) —0.112762(s) —0.001812(s)? +0.00004307277(s)°]

s=919- 2
=
3 2
a=3.28*10" (TEJ —8.503*105(T2j + 7.063*103[_'2) +0.816

where:

D = external diameter (mm) of the main line
T = wall thickness (mm) of the main line

Reference: MTD Guidelines, 1999.

Slide 17 © 2007, ioMosaic Corporation; all rights reserved

. | A ]
Do not copy or distribute without the express written permission of ioMosaic Corporation IO M Osa I C



Procedure for high frequency
acoustic excitation assessment

’ - ’ = ]
- i * 3 s P gl 5=
e e "

» Calculate the fatigue life multiplier (FLM), corrected for D/d

2
20 — T 1 1 1 | — 1 ]
18 if O'd less than 10 than

' F Uvi=-0 070765 -+0 909935(0/d)+1 316766/(0Vd)-0. 478217 (Tvd)' *+0. 064921 (Dvd)*
| B \ if Di'd greader than or equal to 10 then
\'x FLM=0 5

E 1.4 -

: T /

g 12 T 7

= " /

2 10 —— — /

F T

% 0.8 ~—

= 0.6 —

1
0.2
0.0
1 2 3 4 5 6 7 B 9 0 "
D'd

Reference: MTD Guidelines, 1999.
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Procedure for high frequency
acoustic excitation assessment

- # R
= TR N + o
" -t | a s B yF.
E * o | ;
! el h i 8
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e

» Calculate fatigue life multiplier (FLM), corrected for weldolet connection

0.40

0.35 /’
0.30 /‘

0.25 /

0.20

0.15 FLM=0.29+0.09tanh[(PWL-172)/2.9]

0.10

Fatigue Life Multiplier for Weldolet Fittings

0.05

0.00
150 155 160 165 170 175 180 185 190 195 200

PWL (dB
Note : tanh = hyperbolic tan (dB)

Reference: MTD Guidelines, 1999.
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Procedure for high frequency
acoustic excitation assessment

» 5
b A T B = -0
= i g B A
= 5 y | &
k. \ . 4
) i aR-
a —r o
e a— = ¥ oL i [
v/ { - 4 s E
e B = = : " _-..! )
Lol g e S il ok
4 e !

i

» Calculate fatigue life multiplier (FLM), corrected for duplex alloys piping material

0.40

0.35 o
0.30 /é
0.25 ,

0.20

0.15 FLM=0.263+0.087tanh[(PWL-172)/2.9]

0.10

Fatigue Life Multiplier for Duplex Alloys

0.05

0.00

150 155 160 165 170 175 180 185 190 195 200
i PWL (dB)
Note : tanh = hyperbolic tan

Reference: MTD Guidelines, 1999.
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Procedure for high frequency
acoustic excitation assessment

e =

» Calculate the LOF for high frequency acoustic excitation

LOF = -0.1303In(N)+3.1

where:
N = number of cycles of failures, corrected for the D/d ratio, weldolet connections, and duplex alloys where applicable.

Reference: MTD Guidelines, 1999.
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Possible Design Solutions for
Main Pipe

> For flow induced turbulence:

< Decrease the flow velocity by increasing the diameter of the main pipe

< Run a second pipe in parallel

< Increase the pipe wall thickness

< Minimize the number of bends in a system, the use of long radius bends, etc..

< Stiffen the main line and its supporting structure

» For high frequency acoustic excitation:
< Use of low noise trim, particularly for control valve. Uncertain success and durability.
< Increasing the pipe wall thickness

% Reduce the flow rate
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Possible Design Solutions for
Small Bore Connections

» The mass of valves and instrumentation should be minimized

» Any bracing supports should be from the main pipe, thus ensuring that the small
bore connection moves with the main pipe
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» SuperChems has
piping, fittings, and
stream properties

Pipe and process data readily
available from SuperChems

Gas Pipe Summary

Piping layout
Liguid Density Method = Databanks
VLEMPVT Method = Equation of State

** INLET CONDITIONS

Pipes Containing Vapor. SuperChems Expert, Sc=PSV-1001 - MIXTU..

PSV-1001 LAYOUT

Ignore chemical reaction in piping segments

WI2007 : 2:18 PM Page: 1

readily available for D S780
Inlet pressure. barg 357.00
assessing vibration KT coNomons e
. . Pressure. barg 3386
induced fatigue e oo TR s
Speed of sound. m/s 24715
Mach Number 0.96 ** WARNING: Mach Number is > 0.7
rho*u®u in kg/m/s2 orin Pascals 4526817953 ** WARNING: Detaled estimates of vibration and ine supports should be performed; > 100000 kg/m/s2
> T h . Reynold's Number 275706083.59
e g aS p I pe Fraction of piping layout solved 1.00

summary shows a Ao ...
rating calculation for e oo
a 4P6 relief system

Redef device found at segment 2 PSV-1001: GENERIC API VALVE. Other. Service= Gas

Last iteration Kb comection 1.00
Pressure at device inlet. barg 35647
Set at 357 barg (~ % inlet pressure drop relative to effective set point 0.45
% irreversible inlet pressure drop relative to effective set point 014
. % back pressure relative to effective set point 12.08
52 OO ps I g ) Segment # Type, Name Start Elevation. End Elevation. Length. m Exit Diameter. m Exit/Flow Area. Inlet Inlet Pressure. Irreversible dP. Total dP. bara
m m m2 Temperature. K barg bara
1, Piping Segment, PSV-1001 - INLET 0.0000 0.1000 0.1000 0.1023 0.0082 317.0000 367.0000 0.4805 0.5336
2, Pressure Relief Valve, (orifice) PSV-1001 0.1000 0.6048 0.5048 0.0724 0.0041 316.9782 3564664 235.0765 235.0765
3, Piping Segment, PSY-1001 - OUTLET 0.6048 0.5048 1.0000 01541 00188 225 6561 43,1258 1.9560 82703

» SuperChems
provides appropriate
warnings to flag
potential vibration
risks for relief piping

** NOTE : Backpressure calculation is enabled Last Specified: 02:00:00 PM, Fri Aug 31 2007

Last Executed: 02:16:05 PM. Mon Sep 03 2007

SuperChems Expart 595 [2-23.-2007) {C) koMosals Corperation - CEDAR BAYOU PLANTIVIBRA TION. COR
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Pipe and process data readily
available from SuperChems

» Temperature/pressure can be extracted at anywhere along the axial distance

along the relief system

PRESSURE PROFILE

500
7] STATIC PRESSURE. barg
N STAGNATION PRESSURE. barg
400—
o \
S 300
uJ ]
m 1
>} ]
[¢p] |
‘u’j .
x 200
o ]
100
07\HHHH'HHHH\|HHH\H|HH\HH|

o

0.5 1 1.5 2
AXAL DISTANCE. m

FLUID TEMPERATURE. K
O\\\\\\\\\?\\\\\\\\\?\\\\\\\\\?\\\\\\\\\?

40

30

20

10

FLUID TEMPERATURE PROFILE

FLUID TEMPERATURE. K

o

0.5 1 1.5 2
AXAL DISTANCE. m
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Pipe and process data readily
available from SuperChems

» Indication of choked points

VELOCITY PROFILE MACH NUMBER PROFILE
1000 2—
- VELOCITY. m/s . MACH NUMBER
] SPEED OF SOUND. m/s i
750 .
o x|
E : o
> =
£ 500 2
Q 1 5
w 1 -
> ] =
250_: ~__———'-~‘-7 )
07H\HHHlHHH\HlHHH\Hl\\\\\\\\\l G HH\\\Hl\\H\HH'HHH\HlHHH\Hl
0 0.5 1 15 2 0 0.5 1 1.5 2
AXAL DISTANCE. m AXAL DISTANCE. m
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Pipe and process data readily
available from SuperChems

» Indications of reaction force and potential vibration

IMPULSE VS. Z RHO*U*U VS. Z
400000 50000000
B IMPULSE. N N rho*u*u in kg/m/s2 or Pascals
340000 40000000
- “ -
] 2 ]
. T .
] o ]
] & ]
— 280000 ~ 30000000
— o —
& . @ .
-] ] E ]
% ] 2 ]
= 220000 £ 20000000
_| > _|
] 2 ]
] *o ]
_ _E :
160000 10000000
1000007\H\HH\|HHHH\|HHHH\|HHHH\| 07HHH\H|HH\HH|H\HHH|HH\HH|
0 0.5 1 1.5 2 0 0.5 1 1.5 2
AXAL DISTANCE. m AXAL DISTANCE. m
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Piping Vibration
Evaluation Tool (PVET)

ioMosaic has also developed general piping vibration risk evaluation tools for a
Iarge energy Company Main Line Information

Marne ’M Fieference W
» PVET is based on the MTD’s Guidelines Pl = -

Description

> Cu rre ntly in the beta testing phase gi‘carshe;rigg liorl;gowinducedturbulence and high frequency acoustic fatigue an the relief

uestionnaire 2 - Gas Systems
4 ¥ Frocess Area Flare - t‘j

Q2.1 Flow Induced Turbulence Q2.4 Plusation (Reciprocating Machinery)
15 the systern operating under steady state conditions? |5 there reciprocating compressar or pump in the i 2 i
A |z process infarmation awvailable?
Lty L 9 © vas & No

* Yes " MNo (’j

Q2.2 High Frequency Acoustic Excitation
Q2.5 Pulsation (Rotating Stall)

Does the system hawve choked flow? . .
Cluestionaire
lithe system has a centrifugal compressor does it have a

& Yes " No rotating stall characteristic?

The flowing excitation mechanisms has been identified:
Flow induced tutbulence
02.3 Mechanical Excitation High frequency acoustic excitation

© Yes & No t')/

Is there reciprocating or rotating equipment in the

syslemn? Q2.6 Pulsation (Periodic Flow Induced Excitation)

Does the systemhave any dead leg branches longer
© Yes & Mo than 1m?

Is the swstem close to a reciprocating compressorpump C Yes & MNo

on another system or any other large vibration source

such as a diesel engine? L
Cancel | OK. |

" Yes  No Q

Sample of data entries for the 4P6 relief
A system set at 357 barg (~ 5200 psiQ)

Ref: p A1-3. p. AT-4 Cancel
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Piping Vibration
Evaluation Tool (PVET)

Stage2 - Main Line Fluid %)
Ience] High Frequency Acoustic Excitation I Summary]
Single Phase Flow | Mukiphsse Flo |
I Mot enough infarmation ta analyze flow induced turbulence o [ComGas
Use advanced screening method? doe [213 [kam =]
Matual Freguency ’7 . Flow Rats
LAEs £l 9} il i) 9/‘ Flease Input One and Only One ofthe Faollowing
© WVelacity [ [ |
Support arrangement
@ Mass Flow Rate E [kats =]
& Selectsuport arrangement " Calculate support arrangement
" Volumetiic Flow Rate [ [ |
(+ Siiff
Span Length
" Medium Stiff pantens
& Mitecon | J Cancel 0K
" Flexibl -
exible gj’
=  Calculated likelihood of failure,
_ Mein Line info_| __Fhidnto_| LOF => 1 (classified as intolerable)
Fipe Schedule: 6" 105 Flow Mame: Light Gas
Density: 301.2 kgfm®
Mass Flow Rate: 353.8 ko/s .
4 //—-- = Recommended actions:
O Main pipe must be redesigned or re-
supported
Rel.422.p. 4214, p. 221 Melp | _Concel | ok | O Consult Section 4.2 for design solutions

O SBCs should be assessed per Stage 3

= Confirms that piping has flow induced
turbulence concerns as flagged by SC
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Piping Vibration
Evaluation Tool (PVET)

» Data entries to determine LOF for high frequency acoustic excitation using 1"
weldolet downstream of the valve

Stage 2 - Detailed Screening of Main Pipe

Flow Induced Turbulence  High Freguency Acoustic Excitation lSummary]

[~ Mot enough information to analyze high frequency acoustic excitation

= Calculated likelihood of
failure, LOF => 1 (classified

M - molecularweight of gas 20 aS |nt0|erab|e)
Is connection aweldolet type fitting? |5 piping material duplex? n Recom mended aCt|onS
* “es " No * “es " No

O Main pipe must be
redesigned or re-supported

d Consult Section 4.2 for
design solutions

kain Line Info Fluid Info
O SBCs should be assessed
Density: 301.2 ko/m® — per Stage 3

Pipe Schedule: 6" 105 Flow Name: Light Gas L —
Mass Flow Rate: 353.8 ko/s

=  LOF estimated from high
frequency acoustic excitation

@D/ confirms that the main pipe
has serious piping fatigue

concerns

Ref: p. A2-2, p. A2.3-1 Help Cancel Ok
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Piping Vibration
Evaluation Tool (PVET)

» Summary of the main pipe
findings

Stage 2 - Detailed Screening of Main Pipe

Flow Induced Turbulence | High Frequency Acoustic Excitation  Summary

» The highest individual

. ; . Flow Induced High techanical Pulsation Pulsation Pulsatian
meChan ISm S estl mated Val ue Of Turbulence l—;r\iggﬁgﬂcg Excitation E'Z:‘D?;Jﬁreoscs?gﬁ (Rotating Stall) (Peﬁgﬁ&iluw
Purmm) Excitation)
LO F I I I b th I 1 ) LO F Stage 1 (wes/no) Yes Yes MNo Mo MNo Mo
WI e e maln plpe S Stage 2L.O.F. 51.02 1.00 0 0 0 0

¥

Maximum of all inputs

Main Pipe * Check thatthe basic

» For design and redesign T
guidelines, consult Section 4.2 ¢ ———— i i
(Design Solutions for Pipe Main) | resemss:

Y

possible?
™ Mo Can systern be redesigned or r
Q supported as per Section 4.27 05>L0F20.3
> SseSS a” SBCS On the f ~ Alternatively survey the main
Redesign asper | o pipe as per Section 5.0, If
H H H H Saction 4.7 - above acceptance limit
In ICa e l I laln plpe redesign as per Section 4.2
¥
For HFAE see Appendix AZ.3 Assess all 3.B.C's on problem system.
—® |For other mechanisms with Lol
L.O.F. 2 1.0 see Section 4.2
Ref: p. 425 Help Cancel 0K
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Summary

» MTD Guidelines provides a comprehensive methodology for screening vibration
induced fatigue in process and relief piping systems

» SuperChems Expert offers state of the art computational flow models for single
and multiphase reacting flows

» Flow models provide detailed estimates of kinetic energy and sound
pressure/power levels required for the assessment of the risk of vibration induced
failure of the relief piping

» The models can be coupled with MTD Guidelines to provide the user with a clear
indication of potential vibration risks

» Screening results can be also used to develop mitigation measures or used as
inputs to a more detailed piping structural analysis

» For high pressure piping system, design engineer should evaluate the risk of
vibration induced fatigue
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About ioMosaic Corporation

i Ty B s~ b=

e o AN

Fouded b&/_i_former Arthur D. Little Inc. executives and senior staff, ioMosaic Corporation is the
leading provider of safety and risk management consulting services. ioMosaic has offices in
Salem, New Hampshire and Houston, Texas, and Minneapolis, Minnesota.

Since the early 1970's, ioMosaic senior staff and consultants have conducted many landmark
studies including an audit of the Trans-Alaska pipeline brought about by congressional whistle
blowers, investigation of the Bhopal disaster, and the safety of CNG powered vehicles in
tunnels. Our senior staff and consultants have authored more than ten industry guidelines and
effective practices for managing process safety and chemical reactivity and are recognized
industry experts in LNG facility and transportation safety.

ioMosaic Corporation is also the leading provider of pressure relief systems design services
and solutions. Its pressure relief system applications are used by over 250 users at the world's
largest operating companies. It holds key leadership positions in the process industries’ most
influential and active pressure relief system design, and chemical reactivity forums, and plays a
pivotal role in defining relief system design, selection, and management best practices.

SALEM OFFICE HOUSTON OFFICE MINNEAPOLIS OFFICE

93 Stiles Road 2650 Fountain View, Suite 410 333 Washington Avenue North

Salem, New Hampshire 03079 Houston, Texas 77057 Minneapolis, Minnesota 55401

Tel: 603-893-7009 Tel: 713-490-5220 Tel: 612-373-7037

Fax:603-893-7885 Fax:713-490-5222 Fax:832-553-7283

Email: trainingondemand@iomosaic.com Email: trainingondemand@iomosaic.com Email: trainingondemand@iomosaic.com
Web: www.iomosaic.com Web: www.iomosaic.com Web: www.iomosaic.com
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Member Companies | DIiERS

Abbott

ABS Consulting

Air Products and Chemicals
Aker Process Systems
AKZO Nobel

Albemarle

Alliant Techsystems

AMEC

ARKEMA

Ashland

AspenTech

Aspen Technologies

AUXITEC Industrie

Basell Polyolefins

BASF

Bayer

Baykey

Bechtel

BioPharma Engineering
Blackhawk of Louisiana

Boulder Scientific

British Petroleum (BP)

BPE Design & Support

BS & B Safety Systems

Cantwell Keogh & Associates
Catalonia Academic Developments Center
CB&l Lummus

Celanese

Centaurus Technology

Central Leather Research Institute
Cheminform Saint Petersburg (CISP)
Chemstations

Chemtura

Chevron Phillips Chemical Company
Chilworth Technology

CH2MHill Lockwood Greene
Chiyoda

CITGO

Compliance Engineering
ConocoPhillips

Consilab Gesellshaft fur Anlagensicherheit
Continental Disc

Covidien

Cray Valley

CRB Consulting Engineers

CTCI Corporation

CWFC-Farris Engineering

CYTEC Industries

Daelim Industrial Company

Day and Zimmermann International
Digital Solutions Technology

DNV Software

Doris Engineering

Dorlastan Fibers

Dow

DSM

DuPont

Eastman Chemical

Eastman Kodak

Eli Lilly

ENGLOBAL

EPCON International

Evonik Degussa

ExxonMobil Research & Engineering
EZ Relief Systems Consulting
Farris Engineering Services
Fauske & Associates

FB Engineering

Fike Corporation

Fike Europe

Fisherlnc.

Flint Hills Resources
Fluor

FM Global

FMC

Foster Wheeler Energy
Etékui Seisakusho

General Physics
Georgia-Pacific
GL Nobel Denton
Golder Associates
Goodyear
Groth
Hargrove Engineers & Constructors
Hatch Associates Consultants
Health and Safety Executive
Henkel Corporation
Hexion Specialty Chemical
Holley Refining & Marketing
Honeywell International
Huff Consulting Services
ICA Fluor Daniel
INEOS
Inglenook Engineering
INGEMO Impianti
INNOVENE
Institute for Chemical Physics Research
Institute for the Protection and Security of
the Citizen (IPSC - JRC)
Institute of Occupational Safety and Health
Institute of Safety Research
Instituto Mexicano del Petroleo
International Flavors & Fragrances, Inc.
Intertek Expert Services
Invensys Process Systems
ioMosaic
ioKinetic
Jacobs Engineering Group
Javan & Walter
KBC Advanced Technologies
KBR
Kemira Pulp and Paper Chemicals
KH Engineering
Kinetica
Kraton Polymers
Lanxess
LESER
Leunglnc.
Lloyd’s Register
LyondellBasell

ark V
Marranca Engineering
Matrix Laboratories
MeadWestvaco
Merck
3M
Monsanto
Moorgate Consulting
M. P. Kenes
Muller & Associates
National Casein
Netzsch Instruments
NOVA Chemicals
Occidental Chemical
Orbit Controls
Orica Adhesives & Resins
OSECO,
PENTAIR Valves & Controls
Petromech Projects

Pfizer

Polimeri Europa

PPG Industries

Process Plus

Process Safety & Design

Process Safety, Simulation, Synthesis by
Sheppard, LLC (PS4)

PROCHEM Engineering

Procter & Gamble

Project Management Limited
PROSAF

Protego

PSRE

Rawlings Mechanical

REC Silicon

Reliance Industries

REMBE

REMBRE, GmbH Safety And Controls
Resolution Performance Products
Rhodia

Roche

Russian Scientific Center Applied Chemistry
Samuel Engineering

S and B Engineers & Contractors
Sanofi-Aventia Deutschland
Saudi Aramco

Scciientific Process Development Services,
Lt

SembCorp Simon-Carves
Setaram

Sasum Pharma Solutions

Shell

Siegfried

Siemens

Silver Eagle Refining

Smith & Burgess

SNC-Lavalin

Societe Artesienne de Vinyle
Solutia

SSOE

Stazione Sperimentale per i Combustibili
Stepan Chemical

Stockhausen

G.R. Stucker & Associates
Sumitomo

SWISSI

Syngenta

Technip

TG Engineering

TNO

Toyo Engineering
Transeparation

TriTex Technology

UNWIN

URS

Veolia Environmental Services
Wacker Chemie
WorleyParsons





