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- Damage Mechanism
« Damage Mechanism and RBI

e Corrosion Circuit
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Damage Mechanism

« A damage mechanism (DM) is any type of potential cause of failure,
problems, or corrosion.

« There are many potential damage mechanism, including forms of corrosion
and cracking, thermal damage, wear and abrasion.

Damage

Mechanisms
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DM-API reference code

« API 570 Piping Inspection Code: In-service Inspection, Rating, Repair,
and Alteration of Piping Systems

« 5.4.1 Piping System Damage Types

« API 510 Pressure Vessel Inspection Code: In-service Inspection,
Rating, Repair, and Alteration

« 54 Inspection for Different Types of Damage Mechanisms and Failure
Modes

« API RP571 Damage Mechanisms Affecting Fixed Equipment in the
Refining Industry

« 67 type Damage Mechanisms

« API RP581 Risk-Based Inspection Methodology
« Part 2—Probability of Failure Methodology

« API RP970 Corrosion Control Document Systems
« API RP584 Integrity Operating Windows
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Damage Types for process piping
systems and Pressure vessel

API 570

Process piping systems

Metal loss

v' Sulfidation

v Oxidation

v MIC

v Naphthenic acid
corrosion

v’ Erosion-corrosion

v Galvanic corrosion

v Atmospheric
corrosion

v CUI

v Soil corrosion

v Carbon dioxide
corrosion

v Chloride corrosion

DNV® 29 JUNE 2023

Cracking High-temperature Metallurgical changes

v Mechanical fatigue
cracking

v' Thermal fatigue
cracking , -
. v _ v
v Caustic stress High Graphitization
corrosion cracking temperature v’ Temper
v Polythionic stress hydrogen attack embrittlement
y v Creep / stress v Hydrogen

corrosion cracking
v Sulfide stress
cracking
v' Chloride stress
corrosion cracking
v Wet H2S damage

rupture embrittlement
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Corrosion Control Documents

Key Components of CCD
 Process unit

* Process fluids
« Actual operating conditions

« Temperature Feedback
* Pressure |
« Materials (Corrosion Control Document) /" Risk Based Inspection\
: : : » Type of degradation « Method of inspection
- Corrosion materials diagram || ;cation of degradation st framor
« Corrosion and damage - Susceptibility to degradation « Frequency
concerns @egradation rates J K J

A

Damage mechanisms

Injection » Mix point A A{Integrity Operating Window]i

Deadlegs

Alloy spec. break and bi-
metallic welds

Ref. Development of Corrosion Control Document Database
System in Crude Distillation Unit
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Integrity Operating Windows

« Established limits for process variables (parameters) that can affect

the integrity of the equipment if the process operation deviates from

the established limits for a predetermined length of time (includes
Critical, Standard and Informational IOWs).

« Monitoring the IOWs can be a more effective corrosion

management strategy for a non-rate based failure mechanism than
performing physical inspection.

Critical limit high Failure occurs quickly

Failure occurs with sustained

Standard level high operations
/’.-___\
/ﬂ \
'/1 Target range high
/ Stable, Safe to operate
K reliable Target —— Optional
/
Target range low

\

L Y
\/,/ Standard level low Failure occurs with sustained

operations
Operating
window

Critical limit low Failure occurs quickly
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RBI Process

[ B 7> thridis
Pl EmER
HRIERS | N e .
s | o B st 4B
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a) identification of existing damage or deterioration and anticipated rates
of degradation.

b) identification of future damage mechanism susceptibilities.

c) development and maintenance of inspection and monitoring strategies,
programs, and plans (e.g per API 510, APl 570, and API 653),

d) implementation of Risk-Based Inspection (RBI) programs

-APIRP5/1 Sec. 1
Damage Mechanism = Failure Mode (Probability of Failure)
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DM and RBI Process
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Directly influence probability of
failure

v" Damage mechanisms
v Corrosion rate
v" Damage potentials
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DM and RBI Process

[ B 53 Hr i i
| amee
Az | = P —
%:Eﬂ%:% _9 E‘IBAA;EI;E *AAIE\IJFI-l-E Imwﬁiﬁﬁﬁ
] S CLE

eeeeeeeeeeseeseeeeeeeeeaeeeseeeeaees : Both K

Directly influence probability of ~ °
failure . Medium High

v" Damage mechanisms g .
v Corrosion rate S Medium
v" Damage potentials 1 Em
A e T

Consequence
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DM and RBI Process

----------------------------------------

MHEE &
EiflEE

| ERE BRSE || mEE

Bath [

EERE LA

Directly influence probability of  *
failure ) i [ Sulfidation Visual Test
_ Medium High . Liquid penetrant
v Damage mechanisms g Hoosen Unekes Magnetic Particle
. f Insulation (CUI) ACEM
v Corrosion rate ‘ » [ Vedtum Atmospheric Dimensional
v" Damage potentials B Corrosion UTM
Soil Corrosion Ultrasonics
B . CMEMW v = Radiography
Ammonia Stress Hardness test
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Performing a DM

OOO0O0o0o0aQn

OOO0o0ao0

Input
material of construction
. Output
design data
Process
v' Damage rate
Flow .
. . v Corrosion rate
Operating conditions .
. . Damage mechanisms
Corrosive species .
. Damage potential
Sampling and 5
monitoring amage type
Corrosion models Mitigation
recommendations
Industry standards .
. . v' Inspection programs
Unit experience
Type of loading
Other
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DM at APl RP581

O API RP581 Fhisx RIS BB A F5TH (PoF) - Thinning

— SCC (Caustic cracking, Amine
cracking, Sulfide stress cracking,
HIC/SOHIC-H2S,
Crbonate cracking, PTA cracking,
CLSCC, HSC-HF, HIC/SOHIC-HF)

— Component lining

— External corrosion — ferritic
component

— CUI —ferritic component
— External CLSCC- austenitic

component
— External CUI CLSCC - austenitic
- s component
tE T - =
iFalifrEsr  THa

— Brittle facture

— Temper embrittlement

— 885 embrittlement

— Sigma phase embrittlement

16 DNV® 29 JUNE 2023 — Piping mechanical fatigue_____
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« Start date « Component type
 Thickness « Component geometry data
« Corrosion allowance « Material specification
 Design temperature * Yield strength

« Design pressure « Tensile strength

« Operating temperature « Weld joint efficiency

« Operating pressure  Heat tracing

« Design code

« Equipment type

17 DNV®© 29 JUNE 2023
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* Driver
* (operating temperature ~ weather conditions ~ surface condition)

 Corrosion rate

« Coating installation date

« Coating quality

« Design

* Interface penalty

* Inspection effectiveness category
« Number of inspections

* Thickness reading

« Thickness reading date
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* Insulation type * Inspection effectiveness category

* Driver « Number of inspections

« (operating temperature * weather

° o « Thickness readin
conditions ~ surface condition) J

. « Thickness reading date
 Corrosion rate

Table 16.2M—Corrosion Rates for Calculation of the DF—CUI

» Coating installation date

Operating Corrosion Rate as a Function of Driver ' (mmly)
° Coati n g q u al ity Tem:e(:)alure Severe Moderate Mild Dry
-12 0 0 0 0
. . . . -8 0.078 0.025 0 0
* Equipment design/fabrication : o o i =
32 0.254 0.127 0.076 0.025
penalty 71 0.508 0.254 0.127 0.051
. 107 0.254 0.127 0.025 0.025
¢ Com pleX|ty 135 0.254 0.051 0.025 0
162 0.127 0.025 0 0
 Insulation condition 170 0 0 0 0
NOTE 1 Driver is defined as the CUl condition causing the comosion rate. See Part 2, Section 1562 for
explanation of drivers.
° P|pe Support NOTE 2 Interpolation may be used for intermediate values of temperature.
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CUI CISCC#

Driver
* (operating temperature * weather conditions - surface condition)

Table 18.2—SCC Susceptibility—CUI CISCC

Crack severity

Operating Temperature SCC Susceptibility as a Function of Driver *
° D ate oC °F Severe Moderate Mild Dry
<42 <120 None None None None
. . 401003 120 to 200 High High Medium Low
° Coatl ng q ua I Ity 83 to 140 200 to 300 High Medium Low None
>149 >300 None None None None
« Coating date T —p——

Inspection effectiveness category

Insulation condition

Complexity

Number of inspections

Operating Temperature
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« Material of construction

« e.g. carbon steel ~ C-Y2Mo ~ 2 ¥4 Cr-1 Mo

- Hydrogen partial pressure, (psia)

« Temperature ‘

VIO L, S~

h

HIGH SUSCEPTIBILITY — e
Rep;esentative
Nelson Curve

MEDIUM SUSCEPTIBILITY - Extending from 50" below

the curve up to the curve

A ——
Extending from 100°F
LOW SUSCEPTIBILITY —————{ below the curve up to the
previous susceptibility area
-100°F

Extending from 100° below

NO SUSCEPTIBILITY ——————{ the curve and farther below

the initial curve

-
>
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Hydrogen Partial Pressure

Figure 19.1—Example of HTHA Susceptibility Rankings for Cr-Mo Low Alloy Steels

DNV



I~

LA

(EMiYE

HTHAZ

[g B TR - }

RELE THEDEP, x . B
TR

4

T RE
Al

T2 .25

HEZEE

FEHGPEHE 1 2 S8
HTHA 181 ? BER?
Bk ! \ )

= %5

wWEH

A 4
G
i
i)
i
-
P

TER3.1: 4
HRRIERE

SH3.1: A

EhxiiEeE C- & KR 177
Y2 Mo i ? °CH H, 7

5e50 p5|a)

-

FH3.2 | RBERIFER
HHIEE 7 B sUs 4

~

J

A 4

4 )
SRA . FREREE |

25 DNV® 29 JUNE 2023 BIEHTHAGRE
\ J

DNV



Corrosion Circult

DNV



R

27 DNV 29 JUNE 2023 —
DNV



« B HIRIFER - 2F
¢ /':E:'/%/EA“‘IE
- EEARDEE / EE / HE

o BB E YR BR =5 (Bl B 5 AV BV E 5T
- HERNBYHEE
- pHIE

28 DNV®© 29 JUNE 2023

DNV



T RAIB RSN 2B X h

’| RP580 Risk-Based Inspectio
’| RP581 Base Resource Docu
r Risk Based Inspection
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STEP 1 - ERHNE
| PREBER
1 Process Operation Manual /Process Description
2 Equipment list / Piping list
3  |Design Data Sheet
4  |P&ID/PED
5  |Piping Class
6  |Material Balance
7 Equipment / Piping MOC
8 |ITPM
9 Equipment / Piping UTM & CMLs
10  |Plant PDMS(3D) ~ ISO
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K3 APl RP581 &) &3 BB 4% il

E ik APl 581 = #ThR API 581
— SCC — Caustic Cracking

Sereening Questions Action
| Caustic Cracking 6.3 Screening Criteria
: IfYes to both, procead to , : - ; ;
Is the material carbon or low alloy steel? Appendix H.S. I the component's material of construction is carbon or low alloy steel and the process environment containg

ot et i e b i caustic in any concentration, then the component should be evaluated for susceptvlty o causfc cracking,

1 Amime Cracking

I5 the material chu;l:,um:‘tmn carbon or low alloy steel? If Yes to both, proceed to *j B2 é % E}_ ﬂﬁ _JZ, = 'TEE = % ﬂﬂ ?

I: the equipment exposed to acid gas reating amunes (MEA, Appendiz H.6.

- EEDPEEFERMEYE R

3. SSC/HIC/S0HIC If Yes to both, proceed to

I the matenal of constection carbon or low allow steel” both Appendre H.7

Dioes the envoonment contzin water and H.57 and HE m j( ESZ E/J #;U % /) 0 ‘*EE gl:] —F

4,.. Cataste Conckme: If Yes to both, proceed to

Is the material of construction carbon steel? o A mE e
i M fopmin 3 * L BAN SRR

5. Polythiome Acid Cracking (PTA) . N *‘ =L
Is the matenal sustemtic stainless steel or mckel based alloysT7 ﬁpﬁ;ﬁ%ﬁhﬂm*d " - 2 ’ f-l- ij- JJ:l: ﬂ: b& %U ﬁﬁ / h E/\J = \ll-
Is the equipment exposed to sulfiv bearms compounds? : : ﬁ E/] 1 1 'Tq:

6. Chlonde Stres: Careston Cracking (C1SCC) 8 3 - == Zlg JIRR HR

I: the e113] 1 ainless steel?

I: the mﬁ;dﬂ:r?;;;m expozed to chlorides and || 1rvree 4o 31l procesd o = 4, 4‘ ) ﬁ 3‘Z Kil_ E/] %; ?;.IB

water also considenny upsets and hydrotest water remaiming 1 Appendix Hﬂ _

equipment for and process fitioms? =1 =5

I: the &&“@’;&T@ﬁﬁmw and 300°F7 (38 & = 5, ﬁTE E% _jr (da mage facto r)

1407

35 DNVO 29 JUNE 2023

DNV



T
1A:}%E$’—_‘?—‘

N7/

- [ — (B AR A AR A T AR B S B
- ARIEFERY/2 (L HIFE ) B R RN R R B B, - 32

& hm e AU

el
AT
I
g
vmd
o=y
i
il
o
S
2\E_l_

« WERE —{E SIERVEERR ?
- EXNRER
« EX R EE MR
« RSB ERCER
- IR FCER

- REHE HIRTRYR R BB R

36 DNVO 29 JUNE 2023

DNV



B ER R — X R RN

Table 15.2M—Corrosion Rates for Calculation of the DF—External Corrosion

Operating Corrosion Rate as a Function of Driver ' (mmly)
Temperature
(°C) Severe Moderate

NOTE 1 Driver is defined as the atmospheric condition causing the corrosion rate. See Part 2, Section 15.6.2
for explanation of drivers.

NOTE 2 Interpolation may be used for intermediate values of temperature.
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Table 16.2M—Corrosion Rates for Calculation of the DF—CUI

Operating Corrosion Rate as a Function of Driver ' (mmly)

Temperature
(°C) Moderate

NOTE 1 Driver is defined as the CUl condition causing the corrosion rate. See Part 2, Section 15.6.2 for
explanation of drivers.

NOTE 2 Interpolation may be used for intermediate values of temperature.
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Table 2.B8.1.2 Type of Thinning

Thinning Mechanism Condition Type of Thinning
Hydrochlonc Acid (HCI) Comosicn -— Lecal
High Temperature Sulfidic/Maphthenic  Acid TAN = 0.5 General
S TAN > 0.5 Local
High Temperature H25/Hz Comosion - Geanaral
Low Welocity
= 10,81 m/s (2 ft's] for carbon steel, General
= 1.22 m/s (4 #tfs) for 55, and
Sulfuric Acid {Hx504) Comosion = 1.83 mis (§ fi's] for higher alloys
High Velocity
=081 mi's (2 fi's) for carbon steel, Local
= 1.22 mfs (4 it's) fior 55, and
= 1.83 m/s (6 fi's) for higher alloys
Hydrofiuonc Acid (HF) Comosion — Lecal
Loner Welocty: = 6.1 m's (20 ft's) Ganaral
Sowr Water Comosion
High Velocity: = 6.1 m/s (20 fifs) Leocal
Lo Welocity
< 1.5 mis {5 fi's} nich amine Genaral
Amniine Comosion = 6.1 m's (20 ft's) lean amine
High Welocity
= 1.5 m's (5 ft's) rich aming Local
= 6.1 m's (20 f's) lean amine
High Temperature Ceadation -— Gansaral
- i
Acid Sour Water Comosicn 1.83 mis (8 fus) General
= 1.83 m's {6 fi's) Local
=10.91 m's {3 fi's] Local
Coofing Water Corrosion 0.91-2.74 mds (3-8 fi's) Geanaral
= 2.74 mfs (8 Ris) Liocal
Soil Side Comosion -— Local
GOz Cormosion — Leocal
Product Sid Local
AST Botiom o i
Sail Side Local
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PFD
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STEP 3 — 143 KRR E AR E IR
PFD(%8)

S e ek
Waste Gas
oT 180°C '

0P M Kglem? Shell Tube
g mﬁf - MAT cs — oT 0T 150C
= = = CHM H2+H25+ Waste Gas 0P | 10 Kgem2 25 Kgfem®
- Nos= S8 - =5 R S0psia MAT cs 30455
CHM Waste Gas 2 = =
- : CHM Water  [HIS+H24 2
Nogs =8 oT 70C 05 — Eia -
oP 25 Kglem? s
MAT Alloy-5Cr40.5Mo oT 20T
CHM | H2+HZS+catalysts BUES oP 25 Kglem?2
Noae 58 B R S0psn MAT Cs
CHM H2S+ H2+ 2 1k
oT 770C - 3 2 :
oF T Kool Noes &8 - #57R S0psia
T S i e R =
Hydrogen CHM HI-H25+ B ‘ y [ op 25 K/
Exchanger 1 Note | 80l - ST S0psia MAT s i
CHM H2S+ H2+ 3 ikt
$ Noo= S8 - 85K S0psia
oT 100C 04 06 J
oP 3 Egcmi Shell Tube ) _r”/
MAT Cs -
- oT 450°C 270°C Reactor 1
CHM H24HIS+ [HE - =
= — OF | 20 Kglem2 35 Kglem2
—_ = MAT 30458 Cs oT 20T
CHM g HvH2S-H || oP 25 Kglem2 v
Note i = MAT CS / \
CHM H2S 1 H2+ S0t Druml |/

Noes f 8 - #5K s0paa | [
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