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RBI 5~ & =}

Generic RBI Process

Risk assessment process

Consequence
of failure

Pata and- Risk Inspection Mitigation

information  — . v

collection T — ranking plan (if any)
Probability of

b 5
failure

Note feedback - RBI is a dynamic process;
RBI is not a one time project or a book on the shelf

RBI Fixed Equipment Groups

Pressure Vessels

=

Heat Exchangers & Air Coolers

Relief Devices

Columns/Towers

Storage Tanks Pipelines

Criticality Rating Matrix

Probability Ranking ’: Consequence Ranking
Very High (1+ per yr.) --‘ Catastro.ph'\c (5197)
High (10 peryr.) Ver?/ Serlous»(SlD“)
Moderate (102 peryr.) A Serious ($10%)

- H Significant ($10*
Lowii07per ) Consequence Ranking ignificant ($101)

Very Low (10* or less per yr.) Minor ($10%)
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Probability (=2 1 ‘- HIGH: Consequence
5 ich = 5
1 Véry Higl i~ A-Catastrophic
2-High c B-Very Serious

3-Moderate c 2 MED HIGH C-Serious
4-Low 24 — D-Significant
5-Very Low Bu 3 MEDIUM - E-Minor
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Degradation Mechanisms and Effect Analysis (Corrosion Study)

O External Corrosion
Corrosion Type
Corrosion Rate
Corrosion Under Insulation (CUI)
CUI Corrosion Rate

Q Internal Corrosion
Corrosion Type
Corrosion Rate

Q Environmental Cracking
+  Amine Cracking (ASCC)

Carbonate Cracking Q Other Damage Mechanism
Caustic Cracking *  Brittle Fracture

Chloride Stress Corrosion Cracking (Cl SCC) *  Carburization

Deaerator Cracking *  Creep

Hydrofluoric Acid (SOHIC, HIC, HSC) . Erosion

Ammonia (NH3) Cracking *  Graphitization

Polythionic Acid SCC (PTA)
Wet H28 (Blistering, SOHIC, HIC, SSC)

Hot Hydrogen Attack
Hydrogen Embrittlement
Liquid Metal Embrittlement
Lining Failure

Mechanical Fatigue

Phase Change Embrittlement
Thermal Fatigue

Temper Embrittlement
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Internal Corrosion Probability

Factor —
(1-1000+)

Probability
Category
(1-a)

< 0.005 inches per year
0.13 mmyyn)

Design
Pressure
et Allowable
o Stress
* Wall ratios of 1 or less need to be
Design Internal
et | e reviewed separately to determine if the

equipment has remaining life

Risk (Criticality) Assessment Process - Consequence

Consequence of Failure:
. Effect of Loss of Containment:

- Injury or fatality (safety) due to release of flammable, toxic, or
reactive material

Injury or fatality (safety) due to release of excessive pressure
(“burst”)

Environmental damage (fines, cleanup)
Production Loss (plant down time)

rok
Mz
i

Safety Consequence of Failure

Operating Release
Pressure Rate

<5,000 |
(<450 m)

Toxic
Percentage

Equipment

Leak
Quantity Consequence
Category

(A-E)

Isolation
Time.

Detection
Time.

Release
Duration

i
\
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Representative Fluid Types

Fluid Types

Model model

I
Reactive Flammable
ZHEWG Pool spread
E or Burst B EPA Models EPA Models

Distance to
Injury

Pool Size Area 2! | an(r:i 7

Affected Area

Affected Area
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Safety Consequence of LoC - Affected Area

Inventory

Rate of release

Duration of leak

Initial concentration (for Toxic)
e US EPA dispersion models

= AFFECTED AREA
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Typical Risk Matrix

Inspection Priority Categories

* Consequence is fixed for each
equipment item
- it can only change if the operation is
changed (eg. less flammable, less
toxic, lower operating temperature &
pressure)

» Criticality can only be reduced by
reducing Probability

(by effective inspection)
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Consequence Categmy

Prnbahility Category
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Risk Management Through Inspection

* Inspection plans are the primary output of an RBI assessment

* Inspection does not reduce risk directly, it simply improves the chances that
you will detect and repair a deteriorating condition

* Fourkey factors influence the ability to detect a problem
— Type of deterioration or mechanism
— Rate of deterioration
Effectiveness of a technique to reveal the deterioration
— Tolerance of equipment to the type of deterioration

Effect of Inspection

« Inspection reveals damage mechanisms
- Inspection can measure some damage rates

This example is for corrosion; a time-dependent damage mechanism

Wayy Thic’fhes T-min
s

.~ MaxOperating Limit

Operating Pressure

Time, t




A = A5 §

ok

RBI - Application

¢ Understand all damage mechanisms for each equipment item or part
- Corrosion Study by Subject Matter Experts
* Understand rate of progression of damage
» Statistical basis (API 581)

,]}\]_ Z__]'% » Good record keepin

* Find effective inspection methods for detecting each damage mechanism (inspection
confidence)

—|—l
N

¢
0

714

* Understand range of options of inspection methods and relative effectiveness

* Nominate optimum inspection frequencies for each mode
» “halflife” principle (half remaining life based on corrosion rate & UT thickness
gauging)

RBI Evergreen

AllAssets achieves and enables a sustainable business process within an environment to maintain
an evergreen program

Analyze Equip.
/Y for Risk \
Update Récords

s /’ -- \

=
=
ﬂ—-ﬁ—!—/\]‘ﬂ 01] Ho]- Recomme ndations Update Perform

\

Evaluate Equip. AlIASSELS LOOD  ptan

for Fitness for Inspections

Service /
T~ Conduct

Inspections
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1) #| 223] OSEA Exhibition and Conference
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O Preventive Maintenance(PM)<} Predictive Maintenance(PdM) H|xZ

Preventive Maintenance(PM) Predictive Maintenance(PdM)
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BowTie v What are the current risks

BowTie v What are the controls?

BowTie

v Which equipment is critical in controlling

risk?

v
FMECA the likelihood and impact of the failure

Understanding failure modes of equipment,

(@feiplellile)a W =182 18l ¥ Examine conditions of assets

Spares Management

v" Understand how assets conditions affects

spares management
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ABS Consulting

Inc 438 Alexandra Road #09-02 Alexandra Point Singapore,
119958 Republic of Singapore
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1) Main Health & Safety Requirement(d7}3E2)
O Health and Safety Management System(HSMS) : SS 506
O Workplace Health and Safety(WSH) : Ministry of Manpower(MOM)
- HSMS Audit
- Accident reporting

- Licensing of contractors etc.

- Quantitative Risk Assessment(QRA)

O Major Hazards Installation(MHI) Safety Case(introduced in 2017)

2) HSMS & WSH
O A7FELZE %% S5 506 A%
- Singapore Standard(SS) 506 -3 &%
Part 1 : Requirements
Part 2 : Guidelines for the implementation of SS506

Part 3 : Requirements for the chemical industry

_14_



TYE HSMSE Hrdteof stil, MOM S7AIS =

- 1B P EA(PHA)S v 5dvitt AAE A
- HSMSel= WHS®| 87A S 239
3) A4 344 % 7HQuantitative Risk Assessment, QRA)
O 6711 AF7|&ol A 2]

- =7F BHH(NEA), 4722 RIE9(SCDF), AL F(MOM), =
A= (URA), FFEH=SAHJTC), 78 Z(SPF)

(—

oK

- SHES 9 #ALH(EPMA) A26zx, A (FSA), SAA
(A ¢ QA =4) 7Y 4 4A 2 5

- 1990d o] A& AMERen 20103 AH NAE
- dA 2] QRA 7]F& 2016\ 4¥ol FEH

- QRA Al 7HA 7%

el =R =

_15_



ﬁo

mK
T
Nlo
oF
T

N},

- 71 el WA

A W eEAR AR

O ML

4) MHI Safety Case(

Z2 93l A7)

- 2017d@ A7}

- 2017 949 1¥ A3y
- o] 5 dnig <

- SHMS W7 A

o

PS|
=

s Al

- MHI

A A A A

shekA| A1
- SeEE TR AIA

of

X

_16_



N1 2 AE

.

Kr

oK

00

ol

2 89

)

o

Atellel =X, =X

HS

oJ

H 2=

O|':|
=T

= =0/J] <lst

Hel ?I&

0

4 =

Bl

ok

Ok

o]
K0

<]
oJ

70

ol
KD

<]
oJ

RO

<

Mr
ulo

el

o0
s
Hr o
ujo Kr

N~ ©

Hr
ulo

el

60
oF

Kk

(@]

ok

M
Ulo

o)
o

JJ
76}
od
ol

ulo
X
0
<0

RO
ur

0
5
fivt]
=

_IL
00

A

=
T

AE L= M

XEAH
= e,

2 A ALQ

ulo
ol

183 I

<
KR

Ju
=y

RO

4
KK

e
o

’

201 CH

15 20|

I
o

Ju

U
()

[l

u
<
&

=2 =2 A AL AR

4= S5

Division 1 -

KD

il

ok

KD

Kl

oJ

=2 918 &yl #

=
Division 2 - SXl ¥ £

=2 &
=

o

19 At 20 € BEOMH &4 2R

20 JIE =X 22

il

-

0

ok

T

S

o0

_Jl_
I
ok

~

<

Division 3 - 82 M2

i
[=)

HAISAIE2 AIS XA 2 Kl

23 UE &gE ERN0A 22 NS

Ok

H 5 2 JlEt

—_

o)

Ok

SRS

=
fall

ok

H
Ok

_17_



O MHI 8 F484

Safety

Case
L

Major Accident Prevention Policy (MAPP)
establish guiding principles and action plans to prevent major

accidents

_______ ﬁ
' ~ \
| Safety & Health I
I Management System I
| p (SHMS) I

(& B o : M

| Emergency Response Quantitative Risk I
| Plan (ERP) Assessment (QRA) I
3. ¥ N > ¢
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