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Estimate the likely
damage state /
severity

Damage factor Calculation

Consider data source

Assess the

inspection history
(Effectiveness)

Determine the Likelihood of being in one
of the different possible damage states:

Damage states

No worse than predicted X %

Up to 2x worse than predicted | Y %

Up to 4x worse than predicted| Z %

'

Inspection Effectiveness

26 MARCH 2023

Calculate the failure frequency for each
state using the relevant limit state
equation

'

Calculate the weighted failure frequency
for the item based on the Likelihood of
being in the different states.
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Failure
senario:

ltem
Fluid
Phase
Pressure
Temp.

Consequence Parameters

| C-Toxic
Ll
area

User input
population
density and cost
of injury/death.

Fatality Area = B
Toxic Area=C
Safety Area = D
_ PLL = D * population density

G - Repair cost Production
of failed item. value/day
v
A - Adjacent E - Repair cost of Days of lost H - Lost
~ Equipment ~ adjacent production Y roduction
"1 damage area. ” damaged (Based on the P costs
(Heat & Press.) equipment. BRD method)
D - Safety Area = X e ™
max of: User input The Consequence Values:
property value.
Bir-]!z?rs:rr;r;el Totalcost=E+F+G +H
> (Heat and , F-Personnel Business Impact = E + G + H
pressure) injury costs. Equipment Damage Area = A

J
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Effects on Risk

Risk (Total Cost) [USD/Yr]

Risk Over Time

Risk (Total Cost) [USD/Yr]

Risk Reduction

Risk (Total Cost) [USD/Yr]

Decrease 17% |
Increase 19%
No Change 64%

Avg. Equipment Reliability

MTBF [week(s)]

Futu ! § i
uture wo/Inspection i

Future w /Inspection
13933

Current
6,090,308,173
Future wo/Inspection
10,645,488,234
11,000,000,000 Future w /Inspection
10,000,000,000 379,825,658
9,000,000,000 + =
8,000,000,000 Future Risk Reduction by
E 7,000,000,000 -
@ 6,000,000,000 96%
= 5,000,000,000 - -
4,000,000,000 Equipment Count
3,000,000,000 Rotating 0
2,000,000,000 - Pipe 1441
1,000,000,000 Furnace Tubes 0
0 Exchanger 225
2013 2018
Vessel 80
B Final Appr. No Inspections Column 50
MR & 2B m A : AFF1001%

J& T T4

96 %
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Cost Benefit Analysis - Risk Benefit Analysis

6,000,000 |
Hsﬂmwn
gnmwo
"Jomocn
nzowm

1000,000

W insp. Costs [USDIYY]

Pp——

Firal Appr.
W Risk Benef ® Rato

Return Of
Investment =

_ [ 1nsp.Costs [USD/¥r]

[\ Risk (Total Cost) [USD/Vr]

Study Cost [USD]: 28000 Insp. Costs [USD/¥r]

7.5[1/Vear] = 27689

!
CEDE

FEE ] A
R T

A AiE{T RBI R % E 0T
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2768 9 ~F W Pk & H%E%

)

¥ Grid

BoME L2

® Calculation [ Tag Matrix 1

B 7ag Matrix 2

[ RERECEM 1] Executive Summary X
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Executive Summary

Find | Next

I Y

=k

Cost Benefit Analysis - Risk Benefit Analysis

30000000

Risk Based Inspaction  Traditionnal Inspection.
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Cost (USD) = 134456
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5,000,000
25,000,000
0

0
25,000,000
25,000,000

L N 21 %55
BERE

- WmRBIZA% 3 ¥ - #%RBIZ %K 2
CBA=7.5, RBA=2768.9 CBA=7.5, RBA=2768.9
5,000,000 2,000,000
25,000,000 10,000,000
3,000,000 (# - 600,000) 1,250,000 (# i 250,000)
600,000x7.5x5=22,500,000 250,000x7.5x5=9,375,000
2,500,000 625,000
5,500,000 1,875,000
6,922,250,000 1,730,562,500
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Synergi Plant
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SAP/Maximo / MI s 3L & {78 1 - = B¢ 2 PDCA %%

Where: Process Unit Where: Process Unit
What: Tag / Element What: Tag / Element
Detgails, P LAN Why: Dfmage/'Rouline PLAN
Damage When: Next Due Date Standard Interface
‘When: Assessment Date
\
Inspection
} } | } Where: Process Unit
Planning & What: Tag / Element
Packaging Why:  Damage
When: Next Due Date
Equipment Master Fixed Freq. Who:  Inspector
Data (SAP-PM) Inspection How: Insp. Method
Schedule
Standard
Interface .
Inspection
} ‘ . DO
Synergi Plant Execution

When: Insp. / Maint. Dates lnspection
What:  Insp. Maint. Details

How: Eqn. Status Work and Resource
(SAP-QM)

Inspection

Follow up

Task A
4 Action 4 Approval 4
When: Work Request / Order Date

What:  Work Order Details
How:  Status

When: Insp. Date
What:  Finding
How:  Effectiveness

} ACT CHECK ‘What Next: Recommendations

Standard Interface When: Insp. Date

What:  Finding

How:  Effectiveness

What Next: Confirmed / Revised
Recommendations

Maintenance < Standard Interface

Work (SAP-PM)
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SAP / Maximo / MI % %58 & 8

Where: Process Unit
What: Tag / Equipment
Details,
Failures
When: Assessment Date

Equipment Master
Data (SAP-PM)

Standard

Interface
Facility

{
} Databank

When: Maint. Dates
What: Maint. Details
How: Eqn. Status
History for RCM / SIL

Performance
Forecast
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2-¥ #.A& % 5= PDCA 7%

Where: Process Unit
What: Tag/ Equipment
PLAN Why:  Failure/Routine PLAN

When: Next Due Date Standard Interface

Maintenance
> } Where: Process Unit
Planning & What: Tag / Equipment

Packaging Why:  Failure

When: Next Due Date
Who:  Engineers
How:  Tasks/Actions

Fixed Freq.
} PM
A\ Schedule

Maintenance DO
Synergi Plant Execution
Maintenance
Work and Resource
(SAP-PM)

Maintenance
Follow up

Review A
Action < & Analysis <

When: Work Order Date
What:  Tasks/Actions Status

CHECK

Standard Interface
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Tommy. Tang@dnv.com
+886-983-007388, +65-86995620

www.dnv.com
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