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UK Uprating Chrenolegy.

HSE (UK regulator) agreed in prnciplete increased design fiacter If
supported by Structural Reliability Analysis (SRA) and assoeciated
assessiment ofi Risk

Safety assessor tercompile list of threats
Analysis;showed mechanical damage tor e dominant falure mode

Increasing the design factor generally: haatlittle effiect onr the
fallure freguency: and basis for Increasing maximum: allewakble
value to 0.8 was, established in principle



UK Uprating Chrenolegy.

Localised populated areas; (HCAS) sukjected to
Quantified Risk Assessment (QRA) based en SRA results

Increase: i rsk due ter tiwe fiactors:
a (Small) increase in falnure: freguency,
a Increased hazare range

Mitigation: (e.g. Use ofi protective concrete slais)
Sometimes advisead



UK Uprating Chrenolegy.

Pesign code IGE/TID/1 amended torallew
eperation at 0.8SMYS i Jjustified using SRA and
QRA



UK Uprating Chrenolegy.

Basic SRA established Uprating prnciple

Methed continued terevolve threughn:
a LlaiseRrwithrregulator

s NMore extensive consideration of falure modes

Seme faiure moades (e.g. SCC, fittings, vikration, greund
moevement) previously addressed enly gualitatively

x More attention te detail
s Refinement of technigues



UK Uprating Chrenolegy.

EGCUS moeved away. firom design factor per se and moved
tewarads:

Integrity and Risk-Vanagement: Plan; taking account of
effiects of:

= |Increase In pressure

IAcrease i capacity: and mass; fow: rate

Increase in temperature

Increase I magnitude: of pressure and temperature cycles

[
[
H
» Increase in azard ranges



UK Uprating Chrenolegy.

Lead taken from USA
Comprehensiver identification; of threats

Perfiermance ased approach using

a SRA te identify’ LI re-inspection intervals, risk hased Inspection; of
girthr andifitting welds, DA excavations, SCC predictions

x SRA and ORA to; identify level of mitigation that might be reguired
In pepulated areas (HCAS)



Uprating Methodelogy: I'o Date

vy

Data Acq

Stress Analysis

uisition &

Fitness-For-Service (SRA +
QRA) Assessment

Safety Justification

Submission To Regulator

Field Surveys

Feasibility Study

IPC 2004 Paper - 0604



Code Compliance

Code compliance checks  required to determine: allf aspects, of non-
code compliance

pical nen-cempliances

[DesIgn factor

Low: teughness

High' thermal leadings: (Increasedl total stress)

Increased! hazard ranges

IHydretest pressure margini eresion

Eltting design

Fatigue usage
Noen-compliances, addressed by explicitly: consideringl all pessinle
falltre moedes — Molistic’ approach

Eltness-for-service Assessment using Structural Reliability: Analysis
s Pipeline integrity Issues

m Above Ground Installation iIssues 10



Why SRA?

Wihat defects survived original nydrotest and past
eperation could cause falllre: at higher pressure

Significant materal variabiity fer old pIpelines
Significant geemetric vVamranility of fittings

Poeoer 1Ll reliabiity in detecting snall defects
Mere appropriate method te Include: SIZIng Errors
Ability ter medel variation 1n loading

Apprepriate: moedelling of fatigue: and CoresIon; grewin
fates

Modelling of uncertainties in'a systematic manner Within
the limit states was key to uprating

11



Pipeline Integnty: lIssues

Stralght SECHIORS
s Pressure and pressure fluctuations

Benads; and fittings
s Pressure and pressure fluctuations

s [emperature and temperature fllctuations
Pipeline: flexibility: and stress analysis
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AGI Integnity Issues

Mainrabeve and below ground pIpework

Incllding kbendsiana fithings

s Pressure and pressure fluctuations

a femperature and temperature: fluctuatiens
AGI filexibility and stress analysis

Smallfbore pPIpewelk

m Mass flow: rate
\ibration
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AGI Integrity Issues

Temporary By-pass Pipework
900mmx200mm Split-tee

900mmx900mm Split-tee

wRP-3 Concrete Slab

Concrete Support

WRF-2

s RP-1 )
Soil Pile Supports

900mmx200mm Split-tee
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AGI Integrity Issues

Process equipment - Bollers, heat exchangers,
filters, valves, valve actuators, meters; etc

s Equipment class, rating| (€lass 600)
x System leads; e nozzles

s Fatigue

s Re-hydroetest

n ACtUatoer Stemyi torgues

s Instrumentation re-calibration
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Fallure Causes (Threats)

Mechanical damage

= Loads
Pressure
Geuge depth, length
Dent depth
s Resstance
Wall thickness
Yield strength, Ultimate tensile strength
Eracture: toughness
a Mitigatien
Survelllance
Depth of cover
Concrete slabs
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Fallure Causes (Threats)

Mechanicalldamage

a Data

Strengh, toughness, wall thickness
n MillFcertificates

Depti eif cover
s Depth ofi cover survey (C-Scani survey)

Damage
m Historical data base
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Eallure Causes ((Fhreats)

Mechanical damage
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Fallure Causes (Threats)

External corrosion

s [Leads
Rressure
Treatment of thernmal loads as prmary loads on fittings
Defect deptn, length

a Resjstance
Yield strength;, Ultimate strength
Walll thickness
s Mitigation
ILI, piggable sections
ECDA (DCVE, CIS, etc) unpigganble sections
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External corrosion

= Data
Strength, wall thickness
a Mill certificates
Coating Condition
s Coating survey.
CP Conditien
| CIS

Damage
x In-line Inspection results
s Historical database

Fallure Causes (Threats)
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Eallure Causes ((Fhreats)

External corrosion
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Fallure Causes (Threats)

Fatigue: crack grewth (seam welds)

= Loads
Pressure related! stress (static and fluctuating)
Overburden loadings (static)
Welding residual stress
Crack depth, length

s Resistance
Yield strength
Ultimate: strengti
Eracture toughness
Wall thickness

s Mitigation
Pressure fluctuation control
NDE (Radiegraphy, MPI, UT)

22



Fallure Causes (Threats)

Fatigue crack growth (girth and goelden welds)
u IYpEes
INermailftie-in
Goelden welds' (weldsiwithrne: hydretest)
s [eads
Pressure relatedf stress (static and fluctuating)
Thernmal stresses (static and fluctuating)
Overburden loads: (static)
Welding residual stress
Crack depthi, length
s Resistance
Yield strength, Ultimate: strength
Eracture teughness
WallF thickness
s Mitigation
Pressure fluctuation' control
NDE (Radiegraphy, MPI, UT)
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Eallure Causes ((Threats)

Eatigue: crack grewih’ (seam;, giitharanad gelaen welas)

= Data

Strength;, teughness, wall thickness
a Mill certificates

Leads
m Stress analysis results

Damage
= NDE results
s Histoerical database
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Fallure Causes (Threats)

SlIfess ConresIon Cracking

s [Leads
Pressure related stress (static and fiuctuating)
TThermal stresses (static and fiuctuating)
Crack depth, length

a Resistance
Yield strength, Ultimate strength
Eracture: toughness
a Mitigation
Temperature conirol
CIS
Pressure cycling control
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Fallure Causes (Threats)

SIress; corresion cracking

a Data

Temperature control
CIS
Pressure cycling
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Eallure Causes (Threats)

STFEss CoNresIien clracking
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Fallure Causes (Threats)

Incremental plastic coellapse (ratechetting) of fittings

= Loads
Pressure related stress (static and fluctuating)
Themnmal stresses (static and fluctuating)

s Resistance
Yield strength
Ultimate: strengii

a Mitigation
Temperature cycle control
NO of pressure and temperature cycles
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Fallure Causes (Threats)

Incrementall plastic collapse (ratechetting) off fittings

= Data
Temperature control

Eitting geemetric data
n Wallfthickness
a Crotch radii
Strength
= Yield
= UTS
m Stress-strain curve
Loaads
m Stress analysis results
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Eallure Causes ((Fhreats)

Incrementall plastic collapse (ratchetting) oif Hittings

Location of Peak Strain — Plot

eH,



Fallure Causes (Threats)

\/iBration

x Components at risk

Small*bore set-on welded fittings Immediately. downstream of
COMPressol; discharge or pressure reduction stations

m Sources

HIgh frequency. turbulence: (acoustic fatigue), pressure pulsations
assoclated with: vVertex shedding

Resonance: ofi small bere fittings caused! by vortex shedding exciting
PEndIing medes ofi vibration

s Mitigation
Elow: control
Suppert/fitting moedification
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Fallure Causes (Threats)

\Jloration

s Data

Vipration meniterng
s Correlations eff ibration amplitude: te) process conditions
s Accelerometer data

Eltting geometric data
= Wall thickness
m Crotchi radi

Strength

Loads
s Dynamic analysis results
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Fallure Causes (Threats)

\Vilration
1st Bending Mode
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Criteria

Risk = Likelinood! of failure (SRA) x Conseguences

General
s [ndividual  Risk

Populatedl aneas
x Sacletal Risk
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Socletal Risk
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Conclusions

IHSE acecepted SRA + QRA based approach

Pesign code IGE/TID/1 revised to; allow,
ApPProachi to ve use fer design fiacter up: te 0.8

Methed has been, andiis, continually evelving

EGCUS moved away. fromi design factor ISSUe per
Se o Integnty and risk management program
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