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1. FIGl.JRE Q1 showsa p~ssurized systefn in a petrochemical plant. Nlttogen liquid 
:. :" . 

is fedfromthe storage facility into th~jacketed process vessel81 throughvalve 

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

additives are incorporated. The product is cleaned within the catalyst column B4 

and stored irr ves~~.l. BS 9nd it is ready for despatch via valve V12. 

FIGUREQt 

As an inspection engineer, your task~is to carry out Risk-based Inspection (RBI) 

analysis for the system in order to reduce the probability of failure of equipment 

and .the consequences Offailure. 

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

the critical parameters in each step. 

{7 marks] 

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

categories and highlight the strengths and 

weaknesses of each category. 

[6 marks] 
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c. TABLES Q1 a and Q1 b show the assessment of risk for the critical 

equipment of the system, namely the jacketed process vessels, 81, 82 and 

83. Using the semi-quantitative approach, assess the overall risk rating for 

the jacketed process vessels (Note: Refer to APPENDIX in order to 

establish the risk ranking based on the 5 x 5 risk matrix). 

[12 marks} 

TABLE Q1a: The Probability of Failure 
'.·•, 

····· •• 
' ' ·•', .... ' 

Failure Modes 
,. 

Vessel 81, 82 and B~:jacketed process ve~sel ·' 
.· 

.... , ... ,. At the current corrosion rate it is calculated that tne ........ 

Internal Corrosion 
remaining life is in excess of 10 years. 

Fatigue 
The loading by the agitator is very low and well below 

' '' '· 20% design life. .... .. , , .. 
• • 

..... 

Stress Corrosion • 

..,. 

Cracking 
This is not consid$red significant. 

TABLE Q1 b: The Consequence of Failure 

Consequence of ·' ,· ... ... ,., / ·' 

Vessel 81, 82 and B3 
FC:liclure . •' 

·.· 
., .. 

The anticipated failure modes are unlikely to occur in a 
Impact of production sudden manner and therefore any potential repair can 

be planned. 
.,... ,., 

The location is only accessible with clearancefrom . '·•' 

Location (Personnel) 
control room. ... ' 

The location is relatively dense, and any failure 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 prescribed. 
Fluid Hazard 

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

3 



MEB4323 

2. Pre$sure relief device {PRD) serves to control and limit the pressure by directing 

the flow into an additional path. Bas.ed on the APJ 581 standard, thePRD has a 

risk of failure that oil and gas companies need to conduct regular inspections to 

ensure the reliability of PRDs. One approach to evaluating critically the PRDs for 

arranging and sch~duJibg programs is to use the risk-based inspection (RBI) 

method. The probability of failure assessment >for PRDs is based on Weibull 

analysis which is described by its two parameters, the shape parameter {3 and 

the characteristic life rJ. 

. . 

a. Construct the bathtub curve arid assess the various failure rates over the 

b. 

life cycle of the PROs. 

[6 marks] 
.... . ..... .. . ·- .. 

TABl~ .Q2.~ho~s thk time-to-.faiture data due to leak for the balanced 

bellow PRDs operating in severe environment. 

i. ·· )\ssurriing ·t~~ data can fifwell intbthe Weibull distribi,Jtion, determine 
. its parameters, p and TJ. 

[14 marks] 

ii. Estimate the probability of failure of the PRDs after running for 10 
years. 

[3 marks] 

iii. Propose a good maintenance strategy for these PRDs by evaluating 
its {3 value. 

[2 marks] 

TABLE Q2 
No. Time-to-Failure (in year) No. Time-to-Failure (in year) 
1 . 27,76 ..... 6 5.58 
2 •••• :; 14.54 7 18.65 

.3 / .. . .. 14.09 .. 8 7.5 
4 7.75 9 7.63 
5 29.82 10 8.01 
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3. FIGURE Q~showstheRTM (Replacement Tire Monitor) which provides the user 

with a warning when the tyre is worn and has to be replaced. The inscription 

"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 Indicator bars), the inscription will change to "Replace 

Tyre". 

FI.GURE Q3 

To assess fh~ condition of the tire, the treagndepths of several tires are measured 

every 5,000 km. Failure is defined as the time when the depth is less than 2 mm. 

TABLE Q3 gives the tire tread degradation measurements. 

TABLE Q3 
•• •• ... 

Mileage(km) Tire A TireB TireC TireD Tire E 
10,000 6.1 5.9 5.9 6.1 6.3 
15,000 5.0 5.1 5.0 5.0 5.3 
20,000 ··. 4.0 4.3 4.05 4.1 4.2 
25,000 3.2 3.3 3;5 .. 3.4 . 3.5 
30,000 2.8 .. 2.~ .. 2.9 2.8 2.5 
35,000 2.2 2.4 2.4 2.3 2.1 

a. Describe the difference between natural degradation and forced 

degradation. 

[4 marks] 

b. Conduct the degradation analysis using linear model for tire A and B. 
[15 marks] 
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c. Assess the failure time for eachHre. the lif'leatdegradation models for tire 

C, D and E are shown in TABLE Q3c. Determine which tire will degrade 

first. 

[6 marks] 

TABLE Q3c 
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4. a. Hazard analysis in risk assessment which can be achieved using either fault 

tree analysis (PTA) or event tree analysis(ETA). Highlight the strengths and 

weaknesses of ETA 

[6 marks] 

b. FIGURE Q4 shows the evenftree analysis (ETA) for natural gas pipeline 

leakage. The initiating event for the ETA is "Gas release". 

i. Determine the probability of each eventto occur. 

[12 marks] 

Flash fire/Jet fire 

No hazard 

FIGURE Q4 

- END OF PAPER-
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APPENDIX 

ProbabilitY of Failure 

Internal Corrosion: 

Rating < 
Highly prob~bl~ 
Probable ·· 
Possible 
Un!ike!y 
Very unlikely 

Fatigue: 

Rating 
Highly probable 
Probable 

Des(:ription 
Allowaqle less is already used yp 
Remaining life 3 - 5 years ···· 
Remaining life 5 - 7 years 
Remaining life 7 = 10 years 
Remaining life > 1 o years 

Description 
Operating life > 60% Design life 

life < 60% Design life 

Stress Corrosion Cracking: 

Rating .... . ... 
Highly probable 
Probable 
Possible 
Unlikely 
Very unlikely 

D~sCription 
Experience of wide spread cracking in similar vessels 
Experience of very localised cracking in similar vessels 
Very little experience of cracking in similar vessels 

. No experience of cracking in similar vessels 
Notyonsideted significant 

Consequence ofFailure 

lmpact.of production: 

Rating 
4 
3 
2 
1 

Des~ription 
Sudden failure pos~ible.- Prolonged repair 
Sudden failure possible - Short repair 
Predictable failure- Planned repair 
Standby plant- Little or no impact 

Location -Personnel: 

Rating 
3 
2 
1 

Description 
Heavily populated 
Routinely accessible 
Inaccessible without clearance 
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Location - Equipment: 

Rating 
3 
2 
1 

Description 
Dense installation 
General installation 
Remote installation 

Fluid Characteristics: 

Rating 
3 

Description 
Hazardous 

2 
1 

Hydrocarqons- neither inert or hazardous . 
lnerttlessthan 100°C 

Fluid Hazard - Contents: 

Description Rating 
3 Notifiable $Ubstance > prescribed quantity 

-'"·---~-' ... ··-------'"'--·---- • ::::z: ... ::;;::.~mmab -- r~t~Jil~:ez~=_pote!.scitbel±qocJ'Cl'n't~w:.::::_;: __ :-=::·.: .. :.:: ,: 
----· ·;-·--·-~·-"fiilO''·rro.tr· ... ---------- -·--

Fluid Hazard - Pressure: 

Rating 
3 
2 
1 

Rating 

Very high 
High 
Moderate 
Low 
Very low 

Description 
> 30Bar 
> 7 Bar< 30Bar 
< 7 Bar 

Description 

16-19 
13-15 
10-12 
8-10 
6...,-8 

9 

MEB4323 



MEB4323 

Overall Ris~ Rating: 

Consequence H+-__;_;:.:.......:,.:.'--f---=-'='-"-__:_:_:,"'-'-'--t--~"""-'-'--,-"--l--~...::..c...::c..:..;;_+---=-"--"-'--'--+---=:,;:....;..:;---J 

of failure 

Low Low 

Slope: 

N N 

L::"'<L::Y< 

Intercept: 

N N 
LiYi L Xi 

a = i;:;Q_ - [;.f:::L. = if'- bx 
N N 

Weibull Distribution (cdfl 
.... t p 

F(t) = 1 ~e '"""(11) 

ln (In (
1 

_ ~(t))) = p In(t)- {Jin(1'J) 

Fln( ~c-~(t))J 
X= ln(t) 

Y = PxL Pln(1J) 

i- 0.3 
Median Rank, ri = 

4 N+O. 
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