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Topics of Presentation

m Introduction - why RBI RBI?
m What is RBI? RBI?
m Principles of RBI RBI

m RBI Benefit RBI
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Trends — Enablers for Change
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Ageing offshore installations/ pipelines, or drive to
extend life-time

/ :

Time-dependent degradation mechanisms have
become more important

- Corrosion
- Erosion
- Fatigue

Limited budgets to spend on maintenance and
inspection — need to prioritise

Operation Condition Changes compared with the
Design Condition

Pitting corrosion in stainless
steel

CO, corrosion in flowline
CO2




How Important 1s Mechanical Failure

MANAGING RISK

~ Half of losses
are related to loss
of mechanical
Integrity - can be
Influenced by
Inspection/
maintenance

Mechanical
Failure
41%

Process Upset

Sabotage/Arson
3%

/

Natural Hazard
6%

Unknown

management

Operational 18%
Error
20%

Design Error
4%




Risk Ranking of Equipment
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00 of Total Risk

% of Total Risk Vs % of Equipment Items

Process Unit, ~500 Total Items

Most of the total

installation risk is

concentrated 1n a small

percentage of the

equipment items

0%
0%

10%

20% 30% 40% 50% 60%  70%
% of Equipment

80%  90%

100%




Reviewing Risk Control
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Losses(£)
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* Inspection Quantify annual expenditure




Reduce Risk Exposure
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Losses (RMB)
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Optimize expenditure to reduce losses
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Risk Based Inspection (RBI) VANAGING RiSK

RBI is a risk-based methodology, scientific and systematic...
RBI
to 1identify degradation mechanisms in equipment/piping ...

/

and the consequences upon the failure...

which together will give a risk...

that can be effectively managed & reduced through material selection,
corrosion management & preventative inspection/monitoring

/




Risk Based Inspection (RBI)
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Inspection
Consequences

Hazard l

System definition identification ‘ Risk
| o

‘ Likelihood T\

) | - | ( ) ’ Consequence |

Risk = Likelihood of Failure > Consequence of Failure

= PoF >< CoF
- >

[ Likelihood




RBI Offshore Background
RBI
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RBI practices for refinery industry and other onshore plant

developed during last decade (APl 580 & 581)

10 RBI
581)

- DNV heavily involved in this development
- DNV

Identified need for similar practices offshore

Desire to establish industry “best practice”:

- DNV collaborate with industry in a Joint Industry Project
DNV [15 29

Sponsors: ;
- BP/Amoco, Hydro, Phillips, Saga, Statoil, DNV

Norwegian Petroleum Directorate:
- Endorses DNV RBI in codes DNV RBI

(API 580 &

(13 29



RECOMMENDED PEACTICE
DNV-RP-G O]

RISK BASED INSPECTION OF
OFFSHORE TOPSIDES STATIC
MECHANICAL EQUIPMENT

JANUARY 2002

RBI

[DET NORSKE VERITAS
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Definition of Risk
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Risk = Probability of failure X Consequence of failure
= X




Calculation of Probability of Failure

MANAGING RISK [=1. 1
Degradation Damage Loads v. Failure Limit
Mechanism » (+ Model) ‘ Strength » Mode States
( )

*Corrosion *Pitting *Geometry *Pinhole leak

. *Material type
*Fatigue _

*Cracks *Brittle fracture

. *Stress intensity
*Erosion .

*Wall loss Burst
. *Remaining wall I




CO, Corrosion MANAGING RISk [0
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Insulation
CuUl

General
Corrosion SCC Pitting SSC

\

HoS
CO,
Deposit ) Cl-
T > H,0
[,/’, | ﬂ&) Blister //T\ZLS T a
Crevice Others Erosion HIC

Corrosion Corrosion Corrosion
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CoF

Repair

Production

Loss
Safety M’\
Process

condensate - ‘E\
»< (B | —

Produced
water

\l
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Financial Consequences MANAGING RISK  [5117

m Damage requires repair (costs + strategy)

( + )
- Equipment damage
- Module damage after escalation
- Installation damage after escalation

m Production |oss
- Due to equipment damage
- Due to module damage after escalation
- Due to installation damage after escalation




Inspection Planning <-> Risk ?

<-> ?

o
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Main Principles of Offshore RBI

RBI
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‘ Degragatlon mecEamsa]
calculation method
Damage rate model \

oad-streng
calculation

[ 1 v 4
Rislianking &8 b obability of failur

1

robability o
detection

Risk ranking + Cost Optimisation

Prioritisation of
components

Inspection interval

Inspection method

Coverage




IG RISK

item NDT Technique Abbreviation Skill
Eadingraphey ET e il
Eadiograptey Profile ET Profile bl 2 il
Ltrasonic Wiall THE T30 T Loy
Itrasonic detection T T hlEclivm
SO Osion haping T hdﬂppiﬂg High
Tirme of Flight Diffraction ToFD High
Long Bange Ultransonic LELUT High
Suide Wawve T =WIT High
Dimensional Measurement Lk Lo
Pit Diepth Guage SIE: LTy
Eddhy Current Testing ET High
Pulsed Edchy Curent PEC High
Femote Field Eddy Current EEED High
|E 5 |5 High
Penetrant Testing PT Loy
_ M agnetic Testing kAT kAedium
- Magnetic Elus | Pﬂgjgg hAF] Medium
Felectic hdﬂgr‘uﬂfir“ quﬁr‘ng ErAT High
Thenn |'|gr':=|lr‘|r‘r-..E TT High
LA coustic Emissian AE High
He I‘-.I‘ H; L ealk: detection LT hlediLm
Positive Material Ldentification PrAT kAEdivm
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24l]<f '_E{l, ;“/POD fOl‘ UT
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40%
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Two Vessels: Same degradation
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V1000

Contents: water

Production Effect: Non

-

Risk]

probability
increases in

=)

N—

flammable

Production Effect: C‘.fnp

Risk}




MANAGING RISK  [21}77

Risk
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<

—

»
»

T(effect}ve)
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» Time




Risk-Based Inspection Management MANAGING RISK
Performance
Indicators,
Strategies
Evaluation and RBI Analysis - Safety,
Analysis of Results Environment,

2d Round Assets Loss

Assessment

Inspectio
anagement

Inspection
Execution & |
Reporting : Develop Inspection/
P Detailed Monitoring Programme
Inspection

Plans




AmOunt Of EffOI’t RBI/ QRA MANAGING RISK  [-11}7
Likelihood Conseguence
QRA ‘ Safety
Safety
RBI ‘ Asset Damage

Downtime
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Cost Comparison MANAGING RSK

5
4,510,100
B Cost Saving

4
o B RBI inspection cost
o
§ ; I Time based inspection cost
&
1=
5 2

1,828,000
E 1,597,500
1,084,600 212,600
1
0
VESSEL HXC PIPING TOTAL
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Two Step Process 2
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PoF Low — Consequence — High

102

10°

C Insignificant CoF

10*

Screening

Detailed Assessment

e /.
>[nsig’mﬁcanfpoF .
>10° | VayHgh

Maintenance
and Inspection
Guidance

Rrdoatility of Feilre

>10°-<10? | Heh

>10*-<10° | Mdum

>10°-<10* | Low

< | Vaylow

/

Mitigation Plan

Inspection
Plan
Guidelines




Screening Analysis Results

Equipment

MANAGING RISK

Risk Categories

Low

High

25 294
42 49.4
9 10.6
9 10.6
89 100
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Risk Categories

High
Low
435 40.5
Low High 211 19.7
72 6.7
355 33.1

1073 100




MIG - Minimum Surveillance MANAGING RISK

Both low PoF and low CoF

Not expected to fail and no significant effect on safety,
production and environment in case of failure.

Repair or replacement can be carried out upon failure.

General Visual Inspection (GVI) only: provided that
assumptions in assessment are maintained.




MIG - Preventive Maintenance MANAGING RISK

Ex: Corrosion Inhibitor Tank

Low PoF and high CoF
Not expected to fail.

Close Visual Inspection (CVI) is only required provided that the
assumptions are maintained throughout the assessment.

Any occurrences of failure are critical and routine maintenance
shall be carried out as per PPM in order to maintain low PoF.




MIG - Corrective Maintenance 2 i 44

MANAGING RISK

Ex: Open Drain Tank o

High PoF and low CoF 5 &Rt AL R 4% fa R
Expected to fail, but no significant effect on safety, production and
environment

PTE 2 B AR 22 Ax . AP R BT AT K5

Inspection is not required. Repair or replacement can be carried out upon
failure. Failure analysis can be carried out upon failure.

ANESRER o REJGIATIRB ST e, IFIEAT R

Repeated failures may present some inconvenience to the operator. If so,
alternative solutions are sought such as revising designs, materials selection
or suppliers.

H M B R AORT B A e SR AN An RO IXARE ] DA RSO Tk,
N AR vt ARFIE R R




High Risk Items: Detailed Assessment Required FEPEA

MANAGING RISK  [-1\7]

m Remaining equipment and piping for detail Assessment
m R B AN TE ER TR A P AL

m More data required

SR

m Analysis in software to prepare detailed and specific Inspection Plan
Guidance (IPG)

m JHHCPEREAT 53 LAZ T IR A A e vl
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Up to 50% of 1tems were screened for detailed
RBI assessment

50% L I H BEATRBIFIEEGN VRS




Offshore Risk Based Inspection Tool
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Risk Based Inspection (RBI) analysis tool

ORBIT Offshore

Det Norske Veritas

Thiz program i licensed to:

Open |

The zoftware may not be uzed without Cancel
Sl
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Probability of Feilure Risk Categories
>10° | VayHigh| 5 >10° 167 >10° >10°
>10°-<10” | High 4 >10° >10° 167 >10*6/ >10°
>10%-<10° | Medum | 3 >10™ >10” >10° = >10°
>10°-<10" | Low 2 >10™ >10™ >10” ;40“8 \>l67\
<10° | Vaylow| 1 [ >10% 10" 107" / >10” >10°
Consaguence category A B C / D E
Sefety (PLL) <10° | 210°<10" 210“-<107/ >10°<10" | >10°
/
B VeyHigh (Vi) [ High(H) Medium(M) Lof/(D) Very Low(VL)

Safety Acceptance Risk Limit as Potential
Loss Life (PLL) of 10-° per part per year.

B EEZ N IR B A B R (PLL) 10-6




Economic Risk Matrix 2855 A i K [ s Em

Probability of Failure Risk Categories
> 107 VeryHigh | 5 >100 >ﬁ~,eo,(k >10,000 >100,000 -
>107-<107 | High 4 >10 >100 w >10,000 >100,000
>10%-<107 | Medium 3 >] >10 >100\K1’000 >10,000
5 -4 > >10 >q(\ >1,000
>107-<10" | Low 2 1 L
<105 | VeryLow | 1 >1 >[o \>m\
[~
Consequence category A B C /D E
Economic $ <10’ >10°-<10° | >10°<10’ 21f7-<1o8 >10°
I Very High (VH) [ | High (H) [ [Medium™) | JLow(@) [ VeryLow (VL) |

Economic Acceptance Risk Limit as economic

loss of $3,000 per part per year.
R L2 257 MR AR BR 4 B4 1 4 57 3 <. $3,000
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PT Ju

= "8 poes

» Split into parts

PV ;Inhibitor

e WEl
*E ) ?
* H,S,
* CO,

SRR

A5 TF Gas~ QbAGY D> -

» Split into strata

HREATF

WaterszK

Head 3tk

Sandyb

Nozzles

B

—~Water/k—
* H,S,
«CO,
eInhibitor
o 2% T
«Sand
b
*MIC
%ﬁﬁﬁ%ﬁ%




Outputs — Inspection Plan Guidelines
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m The output of Detailed Assessment:

- what, when to inspect

A SN 1]

- where and how to inspect for each part of equipment and piping. >

B E A R e A B Tk
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DRV

21072 | MR | 5
0103~ EEK
10427509 | o | 3
10°~10* | 1% 2
<107 RG] 1
Ja 2K A B C D D
223 USD 3% 10% 3X 104~ 3X 105~3X 106 3% 106~ >3X 107
3IXT07 IXT107
RS2 53] ANt [ElE
FE 5 = 0 0%
5 2 16. 7%
rh 4 33. 3%
L E 5 41.T%
HIK 1 8. 3%
& b 12 100%
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DRV

KA
>1072 B | 5
103~102 = 4
104~1073 o 3
10°~10" 1% 9
<1075 RAK | 1
e B A B C D E
24> (PLL) <107 105~10" | 10%~103 | 10%~102 5102
RS ZS5) NIk " g b
AR 2 16. 7%
= 4 33. 3%
4 33. 3%
0 0%
2 16. 7%
& 1 12 100%
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BTN (20054F)

MANAGING RISK

-6 A VEAN 5 B SR T XU B XU RE

NSRS

>1072 (:y=

01073~10" =
2

NS

104~1073 i
105~10* | &
<107 TR
Ji B A B C D :
ZS 3% 10% | 3X10%~3X10° | 3X105~3X 106 3% 106~ >3% 107
/_‘Eglc USD 3107
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28 5t MR 2031 A H 4 W
0 0%
4 1%
216 50%
144 33%
71 16%

& 1 435 100%




PR PPAS J5 B S 2 4 AU B4 XU RE MANAGING RISK

R A5 U o |
>1072 | fR&E | 5

— .

103~1072 | 5 1

=
104~103| H | 3

105~10"4| & | 2
<A0°  |1RfK | 1

Jei B2 5] A B C D E

274> (PLL) <1075 105~ 104~ |103~10"| >1072
10% 1073 2
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A R Nt H o b
9 2. 1%
3 0. 7%
319 73. 3%
73 16. 8%
31 7. 1%

& i 435 100%
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Inspection Plan - Piping / Equipment

Mject: F-V-103 ¢ Type: Separador) - Produciien Separator

Part Name Belereacm Mltwrin Fremal Tssulation Inigrnal Imialbition Sorsice Tepra 1 Wil Thick' Corr. Rate S, Dev CaF Cat FaF Rk Categary lsp loopection Task
Crating Yumr Ul Pilicct Dia, m| |m ] Safeiy Fron. Cal Salely  Feos Year
_—
Nazde NIOA SAIMORR HT Imtermal 1 CR 02 rdform 5.8 8123 .0 E C Commt States: 2004 I L] m0s  PETE Palued Eckdy Carreni 305
Clesad Drsin S EM1E P ¥ Liian Stanm w L] 4
G- FRL-FLG1 B \EMEDI B = B3
1A= ! Stk with i I 1 KN
A4 G B HT | ca R 002 Legal 58 Do [ifin) E C Commt Shme: 2004 i FET100 Palued Eckdy Carreni 100
TR PRL1 4 S:I_L:?IE'I e Strkm wio imop: 2004 5
[A=] ) St with irp: 2009 1
B4 | D8 GRB HT Inieraal ] R (Rl ) 554 0.0 019 E C ComentShhe: 104 1 FET=0 Palued Eckdy Carreni 309
TWG-FRLLFLL .‘-:|_|1'.‘I\I.:’|:l'l Liniag 603 Sernow'o irope 100 x
1A= ! Seabn with irep: 2007 1
Rada NIOR A1 D5 IR HT lnternal l# CR 012 Lecal 554 0T 0.o? E C CoptShhle: 1004 4 FETliiii Paleed Eckdy Carrani 1004
Clesad Drnin L FRLLFLA] 0 S:I'I‘:ll;l-nll B3 Strkm wioimp: 2004 k
1A= ! Seabu with irgp: 2009 1
SA L5 GR B HT 128 CR OO riform 55 0.0 g E C CarentSane: 104 1 PETED Palued Eckdy Carren 3
EM LS PP

G- FPL- L0

e Seaboow'o irop: 2009 4

[ASMEDLY Stakm with i

E
SA L0 G B HT 5% CR R8I B} 55 L 029 E C 1 ML | M FETS Palaod Ecldy Carrami 309
- PRI SM1E P %
G- FRL-FLG1 B [ASMEDL Y B30 I
Mazde BT Crade A |0 R B HT Inbernal | o5 [N 02 aform 12,4 {14119 [IRi5] E T ComentShhe: 2004 1 i L Al PETED Paleed Eckdy Curramn 30
O Digikt OWEFRLLPRLL 04 SMLS A nizg 1nam Stm wioimp: 2004 1 Ml L
[ASMEDILY Semwithim: 209 1 ML
A LS OR B HT | taa R [ ] 12 o n1a E C Comrert Shme: 1004 1 o L | 2004 PET=0 Palued Eckdy Curren 36
[RE-FPL-FLL 0 '“I_IS g ] Shikmwo imp 2009 3
[ASMETIL) St with irp: 2009 1
EA DS GR B HT lniermal l# CR 012 Lecal 12.M 0T 0.o? E C CoptShhle: 1004 1 S|l L | =1 PETlOn Paleed Eckdy Carrani 1004
EG-FRLL L1 04 EMLS P 198 Smemweime 209 1 [IE
[ASMETIL) Semwithim: 209 1 MO L
Maed e WE (ian A1 06 CHRL I HT — |5 Pl LS 2. 0o na9 E T Corendt Shahe: 2004 1 W L Wi PETS0 Paleed Erldy Curram 3059
Lt : . .
o CAWC-FLL L1 04 Bt _— Stnwhimp 20060 3
[A= ! Seabo with irep: 2009 1
EA L4 GR B HT | ca (e} 02 Llrdforn 1. na [iE K] E C Commt Shme: 2004 5 | 004 PETE0 Palued Eckdy Carreni 3
- EMLE P Stakm wio @ g %
DG-FPL- P01 . ot ] takam o o
[ASMETIL) Seanm with irgp: 2008 x
A1 0 CHRL I HT | PO 112 Lecal 1w 1.33 o] E C CommtSane: 1004 13 wd PET00 Paleed Eckdy Crrannt 1008
DL FLL L1 04 5:'_'1'-“']" _— Semwoimp 109 %
[A= ! Seabn with irep: 2007 %
1 1 1
Mozd o W Water 4 108 R B HT Iternal | 55 [w] 02 Lecal 141 noT o7 E T Comend Shabe: 2004 4 | o0 FET il Paleed Eckdy Carrani 1004
fhuikt [E-FPL- LI s m Lining - Soknwioimp 200 4 £
[ASMEDIL) Stabw with i 2009 1 L
A 1 0 CIRL B HT Internal 1 CR OOl Lniform 141 0.0 g E C CarentSane: 104 1 M| L] =uz  PETSR Palued Eckdy Carren 3
(W FPL- AL 4 i Linixg Ea Sarewing 20001 LML
[AMEDLy Stk with irep: 2009 1 ML
EALDSGR B HT lnternal 1 5 R (Rl Fa) 141 0.0 029 E C CoptShhle: 1004 1 M L | =04 FET30 Palued Eckdy Carreni 305
e .
TR FPLL PRLTL 04 S:I_L:‘;I.nl n Ea Soimwoimp 100 %
[A= ! Seabo with irep: 2009 1
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m Inspection effectiveness: k% 5 &5 11

- Relevant to degradation mechanism and damage morphology-5 iE L LRI F3 I T & 4H

| S 0mm t

K
- Inspection technique chosen, e.g. UT, RT, VI, ...
RN prES
- Location {7 &'
- Area covered 78 %X 15,
' N
k\\:\\\\h\“\\ 'L
3 % T
N =3
; ]

W
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RBI H 1 A1E F W

RBISCHE H HUAE TR KBS PPAl . I SRS ML R 6
2R SRR B0 AT J SRS -

. WHAT:  BREBRARNEL? BRUTHADGIE? ok
. RBRE

m WHERE: IGWHEHL? Gap 7 & m] et ?
m HOW:  BERINGFaR BRI R ? SEE R, Ak
m WHEN: MU R 55 A R e e A B s [R) 2

RBI enables Sensitivity analysis :  RBIJ7kib i) LLBEA T 85U 0 #7

Change of operating conditions, fluid composition
HRAETE DL, YRR AR A 1508 ) 572 Wi

Material, coating etc. selection 4%} 4o HLfrj ik £5
Corrosion Monitoring & i il 8

Cost/Benefit analysis 6 56/4E 3 A %% 25 70 #7
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Application of RBI RBIT MY A

MANAGING RISK

Downstr”
i
*Refineries Jill)

*Petrochemicals

AN

*Chemicals

M)

Topsides
AR

Structures

i)

FPSO hull/topsides

FPSOf A/ I3tk
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DNV Ejl@ﬁiﬁi*?@j ?lesli MANAGING RISK

7 ERBIFRYE Bl 2 &
EEAMh4 (API 581 RBI) B 415 /% i

Wi M T R RS e Aor B A 48 47 FAE
(RIMAP)Iit H 9 B

AR B E R SOR I A 2Bk
b 55 K TAEZ %

DNVAE 4 5 56 B 3104 LA BRI E , QAR RHRm) . (L)
W LT & e 2. FPSO&E . IX L] Wos N H] B = se M
B, BEN A MR AR AT LA A S8 i B K 3 .




Risk Based Asset Integrity Management

ST ARG [ 5% 7 e A B R R vk Moo sk )
i [
e R <
e B

e =
P 5% 5
LA (AP < E
= Y% >IL




RBM Strategy & T XU F ZE 57 T B VANAGING sk

AN RN A
4N FORL )

Vg || WL @) DNV AP
(R r/4Ef5/ I BAEZLR
B [ ] SRR
i) Y FRay o
‘ ™ | asTrRaI| ) (EEW)
1 N far -
. o ATl
AR IR SIL 3 (P 1k ) 4
l < > > FRAEE AR 5
N oo LY E TAE
SdiuE £l RS s 43
Bﬁéﬁ?ﬁ%ﬁ&@‘ 2k Y1
B YL
y, «“F4&(Turn around)fF Nl
RCM
RBI: T XU PR ERLRSE =
SIL: LA 5E BN VAN (Asset Integrity Management System )

RCM: BAnJEEME Ny o 4Ee

CMMS: Hifiith 4545 B ERP/CMMS 7/




Detailed RBM analysis principles
RBM 4341 5 3

Probability Consequence
of of
Failure X Failure
RAn] REE el e B

% of Total Risk Vs % of Equipment Items
~500 Total Items

% 70% Majority of the total asset risk is

= 60% concentrated in a small percentage of the
o 0% equipment items

g 4 B e 0 A4 PR N 43 R
o B

0% 10% 20% 30% 40% 50% 60% 70% 80%  90% 100%
% of Equipment




Risk Based Inspection (RBI) MANAGING WISk

RBI is a risk-based methodology, scientific and systematic...
RBI J& PRz ZR G T U I v 7 7% .

to 1identify degradation mechanisms in equipment/piping ...
SGiBURTHIIN & A= NEIAL ViR IRE

and the consequences upon the failure...

ARG ) AL

which together will give a risk...

e (TRa s N3 NS AN v N A

that can be effectively managed & reduced through material selection,
corrosion management & preventative inspection/monitoring

IS E IR A R B T PR R S A e A S T A
KA R HUK S AN BRI KBS




Reliability Centred I}/Ia}intenance
um‘;}_’:’;‘l‘iy\j HH JD\ E[’(] éﬁj:)j MANAGING RISK  [5102

® Through FMEA & RCFA, the maintenance strategy and task

package 1s developed to mitigate the failure causes / root causes
identified.

BITFMEA A AN 04T« RCFA SRARA it [A 73 #r il e
HEP MG R AEPAE ST, LR R BS5 RARAS IR IR ) A A

m Through Risk Calculation/Analysis, Maintenance requirements are
related to Production, Safety, environment and Cost

AR KRS 3 A AT AR e R S 2R Ay SABTRI A
FHIEE

B A systematic approach to create an accurate, well targeted and
optimised maintenance package that aims at achieving optimum
reliability for a facility.

—PNRGENTTA AT AEE) . & T H s AL
Ay TAER, HISET AR E KAl 2t




DNV RCM Methodology
DNV RCM 75
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DNV RCM Technical
Hierarchy
DNV RCME A JZ K

syst:|\/

I-b{ Sub-system |

Function

Tag

‘ Failure mode #1 | | Failure mode #2 | | Failure mode #3 |

— Failure cause #1

Root

cause

—— Failure cause #2
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Safety Integ rity Level Assessment (SIL)
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