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Time-Based Inspection

Cost
121
R Total Cost
08+
¢ Output value lost due to
0.6 1 repairs and cost of repairs

0.4 4

Inspection Cost

0.2 4

T inspection
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Time-Based Inspection

API 570 s lailwl

Table 1—Recommended Maximum Inspection Intervals

Type of Circuit Thickness Measurements Visual External
Class 1 5 years 5 years
Class 2 10 years 5 years
Class 3 10 years 10 years
Class 4 Optional Optional
Injection points @ 3 years By class
Soil to Air Interfaces P — By class
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Condition-Based Inspection
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Condition-Based Inspection
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Condition-Based Inspection

PO o9 Sl 09 el (b5, @
N APl 579/ASME FFS (Fitness for Service)
| | | | | |

Brittle Fracture Corrosion/Erosion Crack-Like Flaws Fire Damage Creep Damage M[e):l;\nagza ! Fatigue Damage
Part3 AssPaM Lol Part9 Part 11 Part 10 Part5 Part14
Brittle Fracture o :im"qu‘ of of of Lssesemen ; Assessment of
i . ocalized Me! "
Assessment Lass Crack-Like Flaws Fire Damage Creep Damage Loss Faligue
Part8 Part 5 Part4 Part8
Assessment of Assessment of Assessment of Assessment of
Crack-Like Flaws - Localized Metal General Metal Misalignment and
Below the Creep Loss Loss Shell Distorfons
Regime ‘ | ‘
Part5
Part Assessment of Partd
Assessment of Localized Metal Assessment of
Pitting Damage Crack-Like Flaws
Loss
Part8 Part 12
Part 7 Assessment of Assessment of
Agsessment of Weld Misaligment Denls, Gouges,
Blisters and Shel And Dent Gouge
_ Distortions Comkinations
Part9 Part 13
Assessment of Assessment of
Crack-Like Flaws Laminations
Part 10
Assessment of
Creep Damage

L i t —f .
Remaining life (years) = : actual — frequired
corrosion rate [inches (mm) per year]
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Risk-Based Inspection
Risk = POF X COF
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Risk-Based Inspection

Damage Mechanisms
1 Thining DF

2 Component Lining DF
Stress Corrosion Cracking (SCC) DF-
3 Caustic Cracking

Stress Corrosion Cracking (SCC) DF- Amine

4 Cracking

Stress Corrosion Cracking (SCC) DF-
5 Sulfide Stress Cracking (SSC)

SCC DF—Hydrogen-induced Cracking and
Stress-oriented Hydrogen-induced Cracking

6 (HIC/SOHIC-H2S)
SCC DF—AIkaline Carbonate Stress
7 Corrosion Cracking (ACSCC)

SCC DF—Polythionic Acid Stress Corrosion

8 Cracking (PASCC)
SCC DF—Chloride Stress Corrosion
9 Cracking (CISCC)

SCC DF—Hydrogen Stress Cracking in
10 Hydrofluoric Acid (HSC-HF)

SCC DF—Hydrogen-induced Cracking and
Stress-oriented Hydrogen-induced Cracking

11  (HIC/SOHIC-HF)

QN
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International Physical Asset Management Conference

Descriptions

Internal General or localized corrosion damages

Damages to any internal Organic or Inorganic lining
Carbon or low Alloy steel exposed to caustic at any
concentration

Carbon or low Alloy steel exposed to lean Amine
solutions

carbon or low Alloy steel exposed to wet H2S
environment at any concentration

carbon or low Alloy steel exposed to wet H2S
environment at any concentration

carbon or low Alloy steel exposed to water at pH> 7.5
Austenitic S.S or Ni-alloys exposed to Sulfur-bearing

compunds

Austenitic S.S exposed to aqueous chloride solutions
at 2.5<=pH<=10.5

carbon or low Alloy steel exposed to HF at any
concentration

carbon or low Alloy steel exposed to HF at any
concentration

WWw.ipamc.org
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Risk-Based Inspection

12

13

14

15

16

17

18

19
20

21

Damage Mechanisms
External Corrosion DF—Ferritic

Component

Corrosion Under Insulation (CUI) DF—
Ferritic Component

External Chloride Stress Corrosion
Cracking (ExtCISCC) DF—Austenitic
Component

External CUI CISCC DF—Austenitic
Component

High Temperature Hydrogen Attack
(HTHA) DF

Brittle Fracture DF
Low Alloy Steel Embrittlement Damage
Factor

885 °F Embrittlement DF
Sigma Phase Embrittlement DF

Piping Mechanical Fatigue DF

Descriptions

Uninsulated Carbon or low alloy steels subjected to
corrosive atmosphere

insulated Carbon or low alloy steels subjected to
corrosive atmosphere

Uninsulated Austenitic S.S subjected to chloride
containing medium

Insulated Austenitic S.S subjected to chloride
containing medium

Carbon or C-Mo low alloy steel exposed to High
pressure Hydrogen at high temperatures

Carbon or low Alloy steels Operating at or Below
MDMT or MAT

Low Alloy Cr-Mo containig steels operating
between 343 and 577 C

High Cr Ferritic steels operating between 371 and
566 C

Austenitic S.S operating between 593 and 927 C

Piping exposed to vibration
www.ipamc.org
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Risk-Based Inspection

Probability Of Failure

Generic failure frequency
Management system factor

Damage factor

Weibull Analysis for PRD and Tube bundle
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Risk-Based Inspection

Consequence Of Failure

Area Based Consequence
Financial Consequence

Flammable
Toxic
Non-flammable Non-toxic
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Risk-Based Inspection

Sy JuslS s cuwlbio Gy jb guds

Risk with typical inspection programs

Risk —

-------

/

Risk using RBI
and an optimized

Residual risk not
inspection program affected by RBI

Level of inspection activity

From API 580/581

www.ipamc.org
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Risk-Based Inspection

Risk assessment process

Consequence of
failure

Data and Risk Inspection Mitigation
information » ranking : plan . (if any)
collection ' '

L | Probability of
A failure

Reassessment

From API 580/581
www.ipamc.org
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Risk-Based Inspection

WHAT to inspect

WHEN to inspect

WHERE to inspect

HOW to inspect

WHAT to report
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Risk-Based Inspection

WHAT to inspect H

Prioritization of high-risk components

WHEN to inspect H

Determination of inspect intervals

WHERE to inspect ﬁ

Expected damage mechanisms

HOW to inspect ﬁ

Selection of best inspection method

WHAT to report H

Data requirements for continuous improvement

WWw.ipamc.org
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Probability Category ¢

Consequence Category 9

Category Probability Range DF Range Category Range (ft?)
1 Pr(1Ig) < 3.06E-05 Df 1ota1 < 1 A C4™ <100
2 3.06E-05 < Py (1,I5) < 3.06E-04 1< D so1a1 S 10 B 100 < 4™ 1,000
3 3.06E-04 < Pr(1,Ig) < 3.06E-03 10 < Dgo1q1 < 100 C 1,000 < CAf < 10,000
4 3.06E-03 < Ps(1,I5) < 3.06E-02 100 < Df 1917 < 1,000 D 10,000 < C4”"" < 100,000
5 Py (t.IE) > 3.06E-02 D to1a1 > 1,000 E C4"™ > 100,000

From API 581
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Probability Category ¢ Consequence Category ¢
Category Probability Range DF Range Category Range ($)
1 Pr(1.Ig) < 3.06E-05 D tota1 < 1 A C4!"< 10,000
2 3.06E-05 < Py (1,5) < 3.06E-04 1< Df o1 < 10 B 10,000 < C4/" < 100,000
3 3.06E-04 < Py (1) < 3.06E-03 10 < Df 1107 < 100 C 100,000 < C4”" < 1,000,000
4 3.06E-03 < Py (1,Ig) < 3.06E-02 100 < Dt 57 < 1000 D 1,000,000 < C4]" < 10,000,000
5 Py (tIg) > 3.06E-02 Df 1ot > 1000 E C4"> 10,000,000
From API 581
www.ipamc.org
$PAM Co. @ffectus oyt 3 15 W o )3 il ooy
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Risk-Based Inspection
Risk Matrix and Risk Target

RISK

Probability
L7

A B C D E

Consequence

API| 581

Ve
/S
Sk

JJ)

é(

)

SUHAER U de el siilan

International Physical Asset Management Conference

c

DNVGL-
RP-G101

WWw.ipamc.org

*JPAM Co. @ ffectus

Physical Asset Management Company

o9y 9 55 Wl Caro 5o )b e



\Qﬁ &

* PAMC : " . D

Bl T ginion (2 435 09 J At A0 CD SRS R U0 PITNYE+EIPN N "J”
International Physical Asset Management Conference

wilw—x;\‘: «v;;l‘1‘|‘-|\ . o

A
Risk
Risk Target
: Total Risk without
Inspection
A ' ' >

? ? time
Installation RBI Plan
Date Date Date

From API 581
www.ipamc.org
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Total Risk Without

Risk A Inspection at the
Risk Target Date
Risk Target
————— e —
Total Risk with
| Inspection at the
| Risk Target Date
|
|
I 1
| |
Iy T T >
time
Installation RBI & Risk Target Plan Date
From API 581 Date Date, Inspection

Performed WWWlpamcorg
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Risk-Based Inspection

A
Risk
Total Risk Without
Inspection at the

’ Risk Target Date
s

’ c

rd
'
o /
s Risk Target

7 | Total Risk with
I Inspection at the
L~ Risk Target Date

Plan Period

»
>

A

| .

T T time
Installation RBI Target Date, Plan

From API 581 Date Date Inspection Date

Performed

A

P —— ————
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Risk-Based Inspection

Multiple Failure: Hidden failure of a protective device does not have any consequence until
a failure of the protected function (system) occurs.

[ No consequence ]

AN

< »
< »

ﬁ

Protected system L% i : *— .f"'""\ RD
Protective device : - : : - - : H
FE] — 2XMTvEXMTED
MMF
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