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is fed. from the storage facility into the: 1acketed process vessel B1 through valve

V1. It then goes through the jacketed process vessels, B2 and B3 where various

addltrves are lncorporated The product is cleaned wrthln the catalyst column B4

FIGURE Q1

As an rnspectlon engrneer your task isto carry out Risk-based lnspectron (RBl)

analysrs for the system in order to reduce the probabllrty of fallure of equrpment

and the consequences of fallure

a. - Develop a flowchart for the steps used in the RBI methodology and identify

the critical parameters in each step.

b.  RBI can be classified into THREE (3) categories. Differentiate among these

- 1. FlGURE Q1 shows a pressurized system ina petrochemrcal plant Nltrogen quurd':

(7 marks]

~categories  and highlight the strengths _and

_ weaknesses of each
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c. TABLES Qfa and Qib show the assessment of risk for the critical

'.equrpment of the system namely the Jacketed process vessels B1 B2 and
B3. Using the semi-quantitative approach, assess the overall risk rating for

the Jacketed process vessels (Note: Refer to APPENDIX m order to
| :vestabllsh the risk ranking based on the 5 x 5 risk matrix). " |

TABLE Q1a The Probabrllty of Fallure G

Fallure Modes | Vesse -
Atthe current corrosion rate |t is calculated that the L

remaining life is in excess of 10 years.

The loading by the agitator is very low and well below

20% deS|gn life... i i P T

Internal Corrosron '

Faﬁgue

Stress Corrosron

T
Crackmg hlS |s not consrdered srgnrflcant

TABLE Q1b: The Consequence of Failure

Consequence of
Fallure

:Vessel B1, B2 and BS

'The antrmpated fallure modes are unhkely to occur ina
Impact of production | sudden manner and therefore any potential repair can
be planned.

coe w0 o i The location is onIy accessrble with clearance from
Location (Personnel)
L control room. L v -

The location is relatlvely dense and any fa|lure could '

Location - Equipment | have an
impact on surrounding equipment

Fluid Characteristics | The process fluid is a non-hazardous hydrocarbon =~

Fluid Hazard : The process fluid is a notifiable substance, however the
(Content) quantity is below that prescrlbed
Fluid Hazard

The process fluid is at a pressure not exceeding 3 barg.

(Pressure)
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the ﬂow mto an addmonal path Based on the API 581 standard the. PRD has a .

risk of failure that oil and gas companies need to conduct regular inspections to
ensure the rellabrllty of PRDs One approach to evaluatlng cntlcally the PRDs for

analysis which is descrlbed by its two parameters, the shape parameter g and

the charactenstrc life n.

""" Construct the ba htub curve and assess the varlous failure rates over the o
life cycle of the PRDs.

[6 ma;tkS]. ~

” [14 marks]

ii. Estrmate the probablhty of fallure of the PRDs after runmng for 10

[3 marks]

lii.. Propose a good maintenance strategy for these PRDs by evaluating

its B value. |
s o e " [2marks]
TABLEQ2
No. | Time-to-Failure (in year) | No. | Time-to-Failure (in year)

.. 2776 6 5.58

_ 1454 7 ' 18.65

.. 14.09 1 8 1T 7.5

7.75 9 7.63

29.82 10 8.01
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3. FIGURE Q3 show ' e RTM (Replacement Tire Monltor) which prowdes the user" .
wvth a warmng when the tyre is worn and has to be replaced. The lnscnpt;on
‘Replacement Tire Monitor” shows three times on the circumferential rib of the

new tyre. Just before the tread reaches the minimum tread depth indicated by

the TWI (Tread Wear lndlcator bav :the lnscnptlon will change to “Replace .

FIGURE Q3

every 5,000 km. Failure is deﬂned as the tlme when the depth s less than 2 mm.
TABLE Q3 gives the tire tread degradation measurements.

TireC |
5.9
5.0

33 | 35 |

o 3 29 '—'—‘"’*"‘*—""‘— 29
2 2 2.4 2.4

a. Descnbe the dltference between natural degradatlon and forced
degradatton |
[4 marks]

b. Conduct the degradatlon analysis using linear model for tire A and B.
v - [15 marks]
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o Assess the fallure tlme for each tire. The Imear degradatlon models for tire
_ C, D and E are shown in TABLE Q3c.
first.

etermine which tire will degrade .

[6 marks]

TABLEQ3c

Siope
. Intercept.
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Gasyelease | FU

tree analys;s (FTA) or event tree analyS|s (ETA). Highlight the strengths and

weaknesses of ETA.

FIGURE Q4 sﬁbvi?sv"tfhe event tree anél§s=isv (éTA) for natural :ga:s pipeline

MEB4323

| , Hazard analys1s in rlsk assessment whlch can be achieved usmg either fault |

leakage. The initiating event for the ETA is “Gas release’.

i vDeterm'iihe thz":evprobabilit:y of"e‘acﬁnv;eveh to

occur.

! 1.35 X 1078

Yes

672 %1072

Lasixaoe |

=

Explosion/flash

fire/jet fie

o~

5.87 x 1072

No

123 %1078

2.78 X 10~ ]

No

148 % 10712

Yes
7542 10713

Flash fire/let fire . ’

672 x 1078

FIGURE Q4

- END OF PAPER -

[12 marks]

Jet fire ‘ l

No hazard I .
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APPENDIX L

Probablhtv of Fallure

Internal Corrosion:

Rating . . Descrlptlon ,,,,,
Probable  Remaining life 3 - 5 years

Possible Remaining life 5 — 7 years

Unlikely Re...amang hfe 7 =10 years

_' Fatigue:

Very unlikely =

Rating ‘ Description
Highly probable Operatmg hfe > 60% Design life

Probable Of g life <60% Design li

+ Highly probable: - Experlence of wide spread crackmg in S|mllar vessels e e
Probable Experience of very localised cracking in similar vessels
Possible Very little experience of cracking in similar vessels
Unlikely . No experience of cracklng in Slm|| vessels

o Very unhke[y ~_Not considered sugnlﬂcant

Locatlon Personnel

Consequence of Failure

Impact of production:

Descrlptlon

3 Sudden faxlure pOSSIble Short repair
2 Predictable failure — Planned repair
1 Standby plant — Little or no impact

Rating o Descrlptio‘nﬁ

3 Heavily populated
2 Routinely accessible

-1 -Inaccessible without clearance -




Rating
3
2

"

Rating
3
2

Location Equ:pment

Descrlptlon
Dense installation
General installation
Remote mstallatlon

’EFIU|d Characterlstlcs &

Description
Hazardous

.. Hydrocarbons — neither inert.or hazardous.;;g

Inert/less than 100°C

Fluid Hazard Contents

Rating
BEE 3 BEE

Description

Fluid Hazard - Pressure:

o 3
.92

1

- Description
.>30Bar
. >7 Bar< 230 Bar

<7 Bar

Co nse@ence Ratmg_

- »'Ratlng .

Very hlgh
High

Moderate

Low

Very low

Descrlptlon

16 -19
13-15

10-12

8-10

6-8

Notlflable :substance > prescnbed quantlty :

MEB4323
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Probability of failure

Highly

_probable

Probable

Possible

Unlikely

Very
unlikely

+ | Consequence '
of failure -

: :Moderate

Very high

Very high | .
High

_High

_Moderate |

High

Moderate

Moderate |

Low.

Moderate

Low ™ |

Low

LLow

Low

Very low

Very low

10




